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ABSTRACT
ESTABLISHING CONSTRUCT VALIDITY OF THE
BIOLOGY I SUBJECT AREA TESTING PROGRAM IN MISSISSIPPI
By Christy Michelle Hollis Philippoff
December 2011
Science education has undergone many revisions since it was permanently
embedded in the country‘s educational curriculum at the end of the 19th century. Some of
these revisions occurred as a direct result of the No Child Left Behind Act (NCLB). This
legislation placed more accountability on schools than ever before by requiring that all
students pass a series of standardized tests (USDE, 2010). High schools in Mississippi
require four areas of standardized testing: English II, Algebra I, U.S. History, and
Biology I (Wroten, 2008). The focus of this study is the Biology I Subject Area Test.
In an effort to determine the validity of that test, this study explores the
importance of the Mississippi Biology I content standards according to the importance
ratings and frequency of use ratings by science professionals in Mississippi. The science
professionals surveyed for this study were high school science teachers, college science
professors and scientists in their professional settings.
The science professionals‘ importance ratings were compared to the importance
ratings placed on the content strands by the Mississippi Biology I Subject Area Test. To
further determine the test‘s validity, it is also compared to the National Science
Education Standards.
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CHAPTER I
INTRODUCTION
Overview of Science Education Reforms
Science became a permanent part of the school curriculum by the end of the 19th
century. Like classic studies, science was taught in an authoritarian-type environment
(Bybee & DeBoer, 1993). Influential individuals, such as John Locke, Johann Heinrich
Pestalozzi, Friedrich Froebel, Johann Friedrich Herbart, Thomas Huxley and Herbert
Spencer, argued for a science classroom that was student centered and inquiry based.
They longed for classrooms in which students were actively involved in discovering
information (Bybee & DeBoer, 1993).
Once science was established as a subject, three major goals for scientific study
evolved: knowledge (scientific facts), personal-social (science enhancing one‘s self or
society), and method (how science is conducted) (Bybee & DeBoer, 1993). The three
goals were constantly in limbo, struggling for dominance in public opinion. The
predominant goal was chosen based upon what was needed for society (Bybee & DeBoer,
1993).
Just as scientific goals were modified based upon the needs of the time period,
science education in the classroom evolved accordingly. Former president Lyndon
Johnson authorized the Elementary and Secondary Schools Act of 1965 as a method of
helping minority and poverty children increase their learning (ESEA) (Jorgensen &
Hoffman, 2003). This law would have a series of reauthorizations. In 1989, the
National Commission on Excellence in Education produced a report titled A Nation at
Risk. This report showed the inadequacies of the American education system, and a
revision of the ESEA was made (Walden & Kritsonis, 2008). Presidents George H.W.
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Bush and Bill Clinton made revisions to what is now called the No Child Left Behind Act
(NCLB). The most stringent reauthorization was completed by former president George
W. Bush when he placed more emphasis on accountability than ever before. For the first
time, federal monies were now tied to the provisions of the NCLB Act (Knight &
Erlandson, 2003).
The NCLB Act has completely changed the face of education. Its major goal is
for all schools to reach 100% proficiency on state assessments by the year 2013-2014
(Hurshe, 2005). As stated, the NCLB places more accountability on students, teachers
and administrators, and consecutive deficiencies in schools not reaching Adequate Yearly
Progress (AYP) lead to penalties that can include the dismissal of faculty members and/or
administration (USDE, 2010).
As the various reauthorizations of the ESEA were taking place, another great
achievement was made by the National Research Council: the National Science
Education Standards (NSES). The goal promoted through NSES was to have
scientifically literate students graduating from high school. It was reasoned that
adherence to this set of standards would help attain scientific literacy.
In conformance with NCLB, assessments in English II, Biology I, US History and
Algebra I are conducted in Mississippi (MDE, 2009).

Students entering high school

since 2002 have been required to take and pass all four Subject Area Testing Program
(SATP) tests to graduate high school (MDE, b). Starting with the 2010-2011 school
year, the Biology I curriculum and the Biology I SATP in Mississippi consisting have
been modified to better correlate with the NSES (Wroten, 2008). Groups of exemplary
teachers from various ―congressional districts, district accreditation levels, and ethnic
categories‖ were summoned to create the Biology I SATP test (MDE, 2007b, p. 2).

3
Statement of the Problem
Since the Biology I SATP holds such high accountability for students, teachers
and administrators, it is imperative to study whether the information it measures
correlates with what is considered important by groups that are knowledgeable about the
subject matter: high school science teachers, college science instructors and scientists.
One of the goals of the 2010 restructuring of the Biology I curriculum was to increase the
amount of common ground between Mississippi science standards and the NSES. The
Mississippi Department of Education website states that there are increased links between
the Biology I curriculum, which is directly tied to the state test, and the NSES (Wroten,
2008). All of the groups targeted by this study were involved in creating the NSES;
however, only one of the groups--high school teachers--was part of the development of
the Biology I SATP. One purpose of this study was to determine how closely the
Biology I curriculum matches the content standards set forth by the NSES. Another
purpose was to determine whether the content standards on the SATP are considered
important by science professionals (high school science teachers, college science
instructors and scientists), as well as to see if there are any differences between these
groups in their ratings. By emphasizing the similarities between the NSES and the
Biology I curriculum, there will be more validity in the science curriculum in the state of
Mississippi. By studying the input of science professionals, changes and additions can be
made to the curriculum to better capture the regional needs and to emphasize areas either
lacking or inadequately emphasized by NSES.
The questionnaire utilized in this study asked questions involving content found
in the NSES and in the Biology I curriculum. The respondents were asked the
importance of the content strand as well as their frequency of use of the content strands.
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The results gained from the study were used to answer the research questions listed
below.
Research Questions and Hypotheses
Descriptive analyses were used to address the following research questions:


Are there differences between the importance ratings of science concepts
indicated by the science professionals and the importance ratings assigned
by the Biology I SATP?



Are there differences between the Biology I Curriculum and the NSES?

Significance testing was utilized to analyze the data to answer the following research
hypotheses:


Science professionals will differ on the importance ratings assigned to the
content standards.



Science professionals will differ on the reported frequency of use assigned
to the content standards.
Definitions of Terms

The following terms are used in this study and should be understood in full context.


Adequate yearly progress – yearly measured progress of schools, districts,
and states using academic assessments. Percentages of certain students
must meet proficiency (MDE, 2003).



Constructivism – theory of learning that involves inquiry and students
constructing their own knowledge.



Elementary and Secondary Education Act of 1965- law used to increase
achievement of poor and minority students.
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High stakes testing – tests given with important criteria tied to them such
as graduation and accreditation.



National Science Education Standards – standards aimed at creating
scientifically literate students and adults.



Nature of science – understanding how scientists work and how science is
discovered.



No Child Left Behind Act of 2001- reauthorization of ESEA by President
George W. Bush to increase accountability and student performance.



Subject Area Testing Program – assessments in Mississippi used to access
school performance. Testing occurs in areas of English II, U.S. History,
Biology I, and Algebra I.



Standardized tests - Tests required by all high school students and graded
in a consistent manner.
Delimitations

The participants in this study were carefully selected based on their knowledge of
science in the following categories: scientists, high school science teachers, and college
science instructors. This study involved participants located in Mississippi during the
spring semester of 2011. It aimed to answer research questions involving relationships
between the NSES and Biology I curriculum, as well as the relationships between science
professionals‘ ideas about science education, and to compare these ideas to the Biology I
SATP.
The participants were asked to fill out the questionnaire in the spring semester
of 2011. College science instructors consisted of both community college instructors, as
well as four year university professors. The high school science teachers consisted of

6
those from public school only. Every effort was made to identify and include teachers in
various accreditation levels. The questionnaires of this study were delivered by postal
service mail, face to face, and made available through surveymonkey.com.
The following steps were taken to ensure conformity in administration of the
questionnaire:


The researcher assisted in survey distribution.



The researcher addressed the questionnaires to those who meet the criteria.



The researcher met with principals and administration (either face to face
or over the telephone) to ensure that only those that meet qualifications
filled out the questionnaire.
Limitations and Discussion

A potential limitation for this study included participant honesty and accuracy.
The participants were not required to put their names on the instrument, but honesty is
still a limitation as teachers may have felt hesitation regarding possible personal
omissions in implementing state mandated standards. They may also not have answered
honestly for fear of appearing less informed than their peers. Another potential limitation
for this study was accuracy. Participants may have rushed through the questionnaire
without putting careful thought into their responses because of the length of the
questionnaire.
Assumptions
In this study, valid results depended upon reliable data. The assumptions of this
study are that the participants answered the questionnaire by taking their time and
answering honestly.
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Justification for the Study
The passing of NCLB tied more accountability to the Subject Area Tests than
ever before. The Biology I SATP has school accreditation and funding, as well as
student graduation. The Biology I SATP is the only science assessment that every high
school student is assured to take. When a student graduates high school in Mississippi, it
is understood that they know the information that is on the Biology I SATP. This is
important because students are expected to know this information to help them in posthigh school life whether that life is college bound or workforce bound. It is important
that the Biology I SATP measures skills deemed important by those knowledgeable about
the subject matter. This study will help to ensure that students leaving high school in
Mississippi are taught the skills of scientific literacy, those skills that are going to be
useful in their decision making outside the high school classroom.
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CHAPTER II
REVIEW OF THE LITERATURE
Introduction
Today science as a part of the curriculum seems only natural; however, finding
science as a subject in the high school curriculum was not always commonplace. At the
beginning of the 19th century, science was very rarely in the educational curriculum;
however, after the input of some very prominent philosophers, science gained headway
and, by the end of the 19th century, had achieved a permanent place in the curriculum.
Upon its establishment three main goals for science were observed: scientific
knowledge, personal social development and methods. Science began being taught as a
knowledge base, authoritarian-type class where the knowledge goal was emphasized. At
this time, there were also arguments for stressing the methods goal, a goal where teachers
lead students to discover science through inquiry. The debate between the goals of
science proceeded throughout history, leading to various curriculum reforms and
curriculum overhauls.
The National Science Education Standards (NSES) were developed in order to
enhance science education. The NSES stressed the methods goals of science in which
students learn how science is conducted. The overall goal of the NSES is scientific
literacy. Scientific literacy has many definitions. The NSES defines a scientifically
literate person as ―a person who can ask, find, or determine answers to questions derived
from curiosity from everyday experiences‖ (NSES, 1994, p. 22). In order to achieve this
goal of scientific literacy, the NSES stress the constructivist theory, which allows
students to construct and build their own knowledge (Cakir, 2008).
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As science itself is constantly being revised, so are the methodologies that guide
science education today. The No Child Left Behind Act (NCLB) began as the
Elementary and Secondary Schools Act (ESEA) in 1965. There have been many
reauthorizations to the ESEA that have resulted in the current NCLB. The most debated
reauthorization of the NCLB was signed by President George W. Bush. This
reauthorization placed more emphasis on accountability than ever before through
standardized assessments. Because of this accountability, reports of the inquiry and
discovery emphasized by the Constructivist Learning Theory and NSES have been
downplayed in lieu of rote memorization to achieve high scores on the assessments
mandated by NCLB (Abrams, Pedulla, & Madaus, 2003).
The state of Mississippi assesses students in four areas to fulfill the requirements
of the NCLB Act: Biology I, U.S. History, English II and Algebra I. The focus of this
current study is placed upon the Biology I SATP. The Biology I SATP is derived from
the Mississippi Biology I Curriculum which was redesigned in 2010. The developers of
the Biology I curriculum in Mississippi placed heavy emphasis upon the National Science
Education Standards, which rely on high school science teachers, college science
teachers, scientists and curriculum developers for its development. Along with the
redesigned 2010 Mississippi Biology I Curriculum, the Biology I SATP was also
redesigned. Unlike the NSES and the Mississippi Biology I Curriculum, the Biology I
SATP relied heavily upon high school teachers for its development.
A goal of this study is to report how closely the Biology I SATP measures what is
believed to be important by some of the same committee members who helped develop
the NSES: high school science teachers, college science teachers and scientists, as well
as to compare the NSES and Biology I curriculum. Knowledge from these comparisons
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may lead to a better assessment of the skills required by students to graduate high school
and to a better understanding of the skills that will lead them to scientific literacy.
Theoretical Framework
The Constructivist Learning Theory is a learning theory where students build their
own knowledge. It is described as learners constructing knowledge through interaction
with each other and with physical phenomena (Jofili, Geraldo, & Watts, 1999).
Developers of the NSES utilized constructivism in its development. These NSES are
what the Biology I curriculum in Mississippi is based upon. The constructivist learning
theory is evident throughout the NSES. The NSES embrace this learning style of
constructivism by having inquiry as its guiding force. It stresses student investigation
and discovery of science for themselves.
Constructivism originated in the 18th century with Giambattista Vico who is
credited as the ―first true constructivist‖ (Cardellini, 2008, p. 131). Following the 18th
century, three theorists have also been credited with the constructivist theory: Jean
Piaget, David Ausubel and Lev Vygotsky (Jofili, Geraldo, & Watts, 1999; Powell &
Kalina, 2009; Cakir, 2008).
Jean Piaget has been associated with cognitive constructivism, which occurs on
the individual/personal level and is associated with Piaget‘s learning theory. Piaget
believed that students go through four stages of constructing information: ―sensorimotor
stage, ages 0-2; preoperational stage, ages 2-7; concrete operational stage, ages 7-11; and
formal operational stage, age 11 to adulthood‖ (Powell & Kalina, 2009, p. 242). These
stages describe how children learn by constructing knowledge
through interactions with their environments. During the third stage, concrete
operational, children begin to reason and to use their own logical reasoning abilities, and
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during the fourth stage, students can understand abstract thought. Piaget used the terms
assimilation and accommodation when discussing student learning. Assimilation is
defined as ―when children bring in new knowledge to their own schemas,‖ and
accommodation is defined as ―when children have to change their schemas to
‗accommodate‘ the new information or knowledge‖ (Powell & Kalian, 2009, p. 243).
Schema is the place where ―meaningful information is stored in networks of connected
facts or concepts‖ (Cakir, 2008, p. 194). Piaget stated that children learn new
information from experiences; children change old information to fit the new information
that has been acquired. Piaget, along with David Ausubel, believed that students learn
best from reconstructing old information to fit new information (Cakir, 2008).
David Ausubel and Piaget also agreed in that the most important aspect of
learning is past experiences. Ausubel discussed the importance of past knowledge in the
formation of new knowledge. He stated, ―If I had to reduce all educational psychology to
just one principle, I would say this: The most important single factor influencing
learning is what the learner already knows. Ascertain this and teach him/her
accordingly‖ (as cited in Cakir, 2008, p. 195).
Another form of constructivism, social constructivism, was founded by Lev
Vygotsky. He stated that social interaction is fundamental for children to learn. Social
interaction is defined as students learning from socializing with their peers, teachers, etc.
In social constructivism, group work is imperative to learning. Vygotsky referred to the
zone where learning occurs as the zone of proximal development. The children are
surrounded by a more knowledgeable teacher, peer, or qualified person that allows them
to progress further in the zone. The zone grows with each new concept learned by the
child (Powell & Kalina, 2009).
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Von Glasserfield is one of today‘s prominent proponents of constructivism.
Glasserfield discussed the importance of active learning and the importance of social
interaction to the learning process (Cakir, 2008). Glasserfield stated that it is important
for teachers to be aware that students are not ―blank slates‖ (Cardellini, 2008, p. 131). A
teacher is to take seriously the answers that students give. Teachers should probe
students to discover the means by which they came up with the answers. This will allow
teachers the opportunity to see students‘ mistakes. Students need to be excited about
solving questions and answers. Glasserfield states that, ―successful thinking is far more
important than ‗correct‘ answers‖ (as cited in Cardinilli, 2007, p. 131). He goes on to
state, ―A student can reach the deepest level of understanding only if she or he finds some
pleasure in doing it‖ (as cited in Cardinilli, 2008, p. 132).
Constructivism is built upon four assumptions. The first states that students do
not come to the classroom with a blank slate and instead have preconceived notions about
the topic. The second states that for students to learn, they need to take old information
and combine it with new information and create a new theory. The third states that
learning takes place without students being told facts but when they discover the answer
for themselves; the fourth assumption is that learning takes place when students reflect
upon this new theory they have created (Brandon & All, 2010). It is important that
students think critically about the information rather than memorizing it because the
―locus of control is changed from educator to student‖ (Brandon & All, 2010, p. 91).
Teachers of constructivism are seen as ―coaches and facilitators‖ as opposed to dictators
(Brandon & All, 2010, p. 91).
With constructivism, knowledge is built by the students themselves, not directed
by the teacher. Students‘ explorations take place in a safe environment where they can

13
compare theories that they have preconceived to those that are supported by other
students and scientists (Jofili et al., 1999). Constructivism requires the teacher to plan
lessons based upon students‘ past knowledge and experience (Jofili et al., 1999).
The following list describes what is required of teachers following the
constructivist theory:


Consider pupils‘ prior knowledge as important and highly relevant to the
teaching process. This can be done through concept mapping, pretest or
discussion.



Appreciate that learning involves not only the acquisition and extension of
new concepts but also the reorganization of old ones.



Enable and facilitate pupils‘ constructions of their own knowledge.



Design strategies to help the pupil to adopt new ideas or to integrate them
with their previous knowledge.



Design classroom activities to build links with prior concepts in a process
of generation, checking and restructuring of ideas.



Design practical laboratory work to help the construction of knowledge
through personal and social experience of the physical world.



Recognize that the final responsibility for learning rests with the pupil.
(Jofili et al., 1999, p. 7).

Constructivism, as applied to learning, involves the idea that students have
previous experiences and that they bring these experiences to the classroom. Sometimes
these experiences are correct, but many times they are incorrect (Colburn, 2000).
Without the students having their prior knowledge incorporated, the teacher has no place
to start with the lessons, and the students will either ―ignore or incorrectly incorporate the
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new knowledge‖ (Baviskar et al., 2009, p. 543). The role of teachers in the classroom is
to change the incorrect notions to correct notions (Colburn, 2000). One hour of science
lecture a day is not going to be enough to change the original thought of students; instead,
students need interaction and experience to help the material become internalized
(Colburn, 2000). Open ended experimentation and research facilitate this area of the
constructivist theory. Group work and cooperative learning is also essential for
constructivism. Having students work in groups gives students the opportunity to
communicate and explain their own viewpoints. Sometimes explaining their personal
beliefs to others helps them clarify their own opinions (Colburn, 2000). Questions are
another important aspect of constructivism. When teachers ask students to state any
observations or to explain trains of thought, the teachers must use questions that are
nonthreatening yet thought-provoking. To help with this approach, teachers need to
allow adequate time for students to answer (Colburn, 2000). Constructivism calls for
teachers to have students test their previous knowledge, explain their newfound personal
theories to their classmates, and make comparisons to the scientific knowledge that deals
with their theories (Jofili et al., 1999).
Reflection is an important component of constructivism. It is through reflection
that a student solidifies learning. Students often reject information that does not fit
within their constructs. For learning to take place, students need to be given the
opportunity to change their constructs based upon situations and interactions involving
other sources, such as students and books (Baviskar et al., 2009). One of the roles of a
constructivist teacher is to push students to reflect upon their ideas and to compare their
beliefs to scientific literature to see if there is any connection or, if they are wrong, to get
them to question their own theories and to reconstruct new ones through research and
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experience (Jofili et al., 1999). In this final stage, the students become aware that new
knowledge and learning have occurred (Baviskar et al., 2009).
Just as the constructivist theory has a unique method of teaching the classroom,
assessment is also varied from tradition. Both the NSES and the constructivist theorists
approach assessments in a new light. They both discuss assessment as going beyond
multiple choice tests, such as those seen on the Biology I SATP. Their view of
assessment is ―authentic assessment‖ as mentioned in the National Science Education
Standards (Colburn, 2000, p. 10). Authentic assessment includes portfolios,
investigation, reports and research (NSES, 1996). Students should be involved in the
evaluation process. When students are involved in the assessment process they take
ownership of the assessment and, in turn, of learning, increasing the likelihood that the
goal of the NSES, which is scientific literacy, is reached (Brandon & All, 2010).
Educational Reforms
The 19th Century
Before the 19th century, schools did not teach science. They focused on classic
literature and languages in the upper grades and on reading, writing and math at the
elementary level. The 19th century marked the birth of science education (Bybee &
DeBoer, 1993). While supporters of this transition claimed that science was relevant to
the educational system due to its relationship to the real world, critics stressed the
importance of the classic system and feared that introducing new subjects would cause
students to lose focus (Bybee & DeBoer, 1993). Yale College released a report that
discussed the value of classical education and the importance of focusing on the past
(Bybee & DeBoer, 1993). Advocates of science in the curriculum outlined its importance
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to society because of the insight into issues, such as disease and hygiene, and discussed
the benefits of the unique set of skills that the study of science required (DeBoer, 1991).
After science was officially a part of formal education, a dispute began
concerning which goals should be at the forefront of science education. Bybee and
DeBoer (1993), authorities in the history of science education, pointed out that the focus
of science education revolved around three main goals: personal-social development,
scientific knowledge and study of scientific facts, and scientific methods and application
(Bybee & DeBoer, 1993).
The personal and social goals are paired because they are often intertwined;
usually what is good for the person is good for the society. This goal is described as
follows:
Personal development includes such things as intellectual growth, personal
satisfaction, career awareness, and building moral character. Social development
includes the maintenance of public health, a productive economy, a stable and
orderly society, a physically safe environment, and a safe and secure nation.
(Bybee & DeBeor, 1993, p. 358)
The second goal, scientific knowledge of scientific facts, is often an automatic
focus because it is the basis of science education. Bybee and DeBoer (1993) described
the knowledge goal as important because ―it is thought to lead to intellectual
development, personal satisfaction, and national security‖ (Bybee & DeBoer, 1993,
p.358).
The last goal is scientific methods and application. This goal emphasizes that
science should be taught ―as a way to develop the intellect, as a general method for
dealing with social problems, and as a means for acquiring scientific method‖ (Bybee &
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DeBoer, 1993, p. 358). It is often difficult to teach students to acquire the scientific
method by themselves, so many teachers teach the steps of the scientific method
(hypothesizing, experimenting and drawing conclusions) without allowing their students
to practice them (Bybee & DeBoer, 1993). These three goals have rotated as the focus
of scientific curriculum since its inception, and one can not take a trip along the timeline
of science education without experiencing their peaks and valleys.
Even with the widespread teaching of science in the classroom and its ability to be
an experiential subject, many classrooms were entirely teacher-centered. Teachers
lectured, and students were not given a role in their own education (Bybee & DeBoer,
1993). The few schools that taught science used a book and did not implement labs or
outdoor activities (Bybee & DeBoer, 1993). The methods of teaching science were
similar to those used in teaching language and classical literature (Bybee & DeBoer,
1993).
Earlier Influences on Science Education
Some say that science was first brought to the classroom in 1658 by the Czech
educator and theologian John Amos Comenius with his science picture book Orbis
Sensualium Pictus (Bybee & DeBoer, 1993). Filled with real-life images from nature,
this picture book represented Comenius‘ belief that children should be taught with items
from the natural world (Bybee & DeBoer, 1993). John Locke, Johann Heinrich
Pestalozzi, Friedrich Froebel, Johann Friedrich Herbart, Thomas Huxley, Herbert
Spencer and other Europeans influenced development of the science education movement
by focusing on child-centered education (Bybee & DeBoer, 1993). Focusing on
experimentation and upon students learning from their environment represented a distinct
shift from the classical authoritarian teacher style (Bybee & DeBoer, 1993).
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Johann Heinrich Pestalozzi, a Swiss educator, offered ideas about object lessons
that were popular in the 1860s (DeBoer, 1991). The students would focus learning
around an object that could be handled, felt and manipulated (Bybee & DeBoer, 1993).
Object lessons stressed the personal social goal although it quickly turned to the
knowledge goal (DeBoer, 1991). Pestalozzi wanted to shift from having students
memorize facts and move toward a personal social school focused around love for the
children—a school in which students used the natural world to learn and to discover
relevant information (DeBoer, 1991).
Johann Friedrich Herbert‘s influence on science education was methodology.
Herbert‘s ideas gained popularity in the 1890s, about 5 decades after his death (DeBoer,
1991). He focused on the interrelationships and connections between concepts (DeBoer
Bybee & DeBoer, 1993). Herbert stated that if students made these connections for
themselves, instead of being told, they would have a better grasp and a better
understanding of the material (Bybee & DeBoer, 1993). Since the student‘s past
experience was important in making these connections, the teachers‘ efforts should be
directed toward presenting materials to these past experiences (DeBoer, 1991). He also
believed that certain concepts should be taught and that an important job of the instructor
was to state which concepts should be taught and which should be discovered. Prior to
Herbert, difficult concepts were taught only through memorization of facts (Bybee &
DeBoer, 1993). However, Herbert advocated that these concepts were more easily
learned if the students discovered them for themselves (DeBoer, 1991). Herbert believed
that this self-discovery would lead students to a better life (DeBoer, 1991).
Thomas Huxley, like other advocates of science, discussed the relevance of
scientific investigation in the modern world (Bybee & DeBoer, 1993). He discussed the
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importance of science in preventing disease, as well as its importance to farmers and their
crops (DeBoer, 1991). He also believed that science was a subject that could exercise the
inductive area of the mind (Bybee & DeBoer, 1993). According to Huxley, one of the
most important reasons for incorporating science into the curriculum was to foster this
inductive ability through which students might experience the natural world. They could
touch and feel and examine the natural world around them and, thus, be provided with a
learning experience that could not be found in other subjects (DeBoer, 1991). He stated
in Bybee and DeBoer (1993), ―If scientific education is to be dealt with as mere
bookwork, it will be better not to attempt it, but to stick to Latin Grammar which makes
no pretense to be anything but bookwork‖ (p. 361). Huxley further explained his
educational philosophy:
In teaching him botany, he must handle the plants and dissect the flowers for
himself; in teaching him physics and chemistry, you must not be solicitous to fill
him with information, but you must be careful that what he learns he knows of his
own knowledge. Don‘t be satisfied with telling him that a magnet attracts iron.
Let him see that it does; let him feel the pull of the one upon the other for
himself. And especially tell him that it is his duty to doubt until he is compelled
by the absolute authority of Nature, to believe that which is written in books.
(as cited in Bybee & DeBoer, 1993, p. 361)
Huxley also believed that education should prepare students for the real world (Bybee &
DeBoer, 1993). These studies needed to include science to deal with the worlds of
―science, industry, and technology‖ (Bybee & DeBoer, 1993, p. 362).
Herbert Spencer published an essay entitled ―What Knowledge Is of Most Worth‖
in which he stressed the idea of ―vital knowledge‖ (DeBoer, 1991, p. 375). In his
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opinion, science is vital to every aspect of life, from raising children and taking care of
one‘s self to maintaining social and political relationships (Bybee & DeBoer, 1993).
Concerning the rearing of children, he was astonished that there were no courses offered
to prospective parents about the journey they were about to undertake (DeBoer, 1991).
Spencer also asserted that studying physics and chemistry was important to the
preservation of our nation, particularly in understanding how machines worked and how
the chemicals worked in processes, such as dyeing and sugar refining (DeBoer, 1991).
In his discussion of the wondrous world that science can unlock, he stated the following:
Think you that what is carelessly looked upon by the uninitiated as a mere snowflake, does not suggest higher association to one who has seen through a
microscope the wondrously varied and elegant forms of snow-crystals? Think
you that the rounded rock marked with parallel scratches calls up as much poetry
in an ignorant mind as in the mind of a geologist, who knows that over this rock a
glacier slid a million years ago? The truth is, that those who have never entered
upon scientific pursuits know not a tithe of the poetry by which they are
surrounded. (as cited in DeBoer, 1991, p. 14)
Like Huxley, Spencer felt that, unlike other subjects, science allowed students to make
inferences and conclusions based on observation and experience (DeBoer, 1991).

He

stated that, ―Children should be led to make their own investigations and to draw their
own inferences‖ (Bybee & DeBoer, 1993, p. 362). Children should be told as little as
possible and led to discover as much as possible, and if they do not like the subject
matter, it is because they are not developmentally ready for the concepts (Bybee &
DeBoer, 1991).
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Despite being an American, J.M. Rice criticized American education(DeBoer,
1991). After observing other curricula abroad during the late 1800s hundreds, Rice
pushed for an American curriculum similar to that of the European influence. He had
plans to involve student interaction and exploration during the learning process (Bybee &
DeBoer, 1993). He urged teachers to use real world experiences and open questions
instead of the traditional strict classroom with knowledge itself as the key goal (Bybee &
DeBoer, 1993).
Another American influence on science education in America was Charles Eliot,
former president of Harvard University (Bybee & DeBoer, 1993). Science was a course
of study at Harvard, and he said that it would remain so regardless of the ongoing debate
about relevance and methodology (Bybee & DeBoer, 1993). Like the others, Eliot
advocated the child-centered approach and thought that the laboratory was the area for
science to be taught (Bybee & DeBoer, 1993).
Curriculum Influences in Science Education
In 1892, the National Education Association established the Committee of Ten to
standardize the requirements a student needed in high school to enter college. Prior to the
Committee of Ten, no standardized college admission requirements existed, so high
schools were having a difficult time preparing students to meet differing requirements
(Bybee & DeBoer, 1993). Members of the committee were divided to represent several
subject areas. The science subject area committee was divided into three separate groups:
(a) natural history (physiology, zoology, botany); (b) physics (chemistry and astronomy);
and (c) geography (physical geography, geology, meteorology) (Bybee & DeBoer, 1993).
The task of the committee was to decide how much time should be spent on the subjects,
what should be taught, and how to best teach each subject (DeBoer, 1991). The science
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committees collectively decided that approximately 25% of a student‘s time should be
devoted to the study of science (DeBoer, 1991). All of the committees also argued
against the limitation of teaching methods to textbooks and authoritarian teaching. The
focus of the classroom should be observation and development of ideas (DeBoer, 1991).
The science committee shared its findings and decisions, and the Committee of Ten
decided that 20% of a student‘s curriculum should be spent on science (DeBoer, 1991).
The Committee on College-Entrance Requirements was then organized by leaders
of secondary and collegiate societies. The task of this committee was to establish a
means to implement the recommendations of the Committee of Ten (DeBoer, 1991). In
1899, this committee mapped out college entrance requirements for high school (Bybee
& DeBoer, 1993). This committee was also divided into separate departments by subject
area. The division in charge of science failed to impress the committee, and science
suffered in the curriculum (DeBoer, 1991). The final requirements presented by the
committee included only one science course out of the 16 total courses necessary for
college entrance (Bybee & DeBoer, 1993).
By 1911, there was a shift toward the social goal in the focus of education (Bybee
& DeBoer, 1993). As society was suffering problems related to poverty, crime,
sanitation, etc., a curriculum that was more ―practical‖ was necessary. Most science
classes were considered college preparatory, and students seeking technical degrees
complained about the difficulty of the science classes (DeBoer, 1991). In an effort to
produce a curriculum that would allow students to be productive citizens, the National
Education Association established the Commission on the Reorganization of Secondary
Education (Bybee & DeBoer, 1991). The realignment of the curriculum was necessary to
meet the needs of both college-bound and workforce-bound students (DeBoer, 1991).
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Students needed to be taught how to function in the workforce and about topics, such as
infectious diseases (DeBoer, 1991). As before, the committee broke into smaller
departments. Each committee was to bring to the table how its subject could support
seven principles: (a) command of fundamental processes, (b) good health, (c) worthy
home membership, (d) vocations, (e) citizenship, (f) leisure, and (g) development of
ethical character. These became known as the seven Cardinal Principles by the
Commission on the Reorganization of Secondary Education (DeBoer, 1991). Of the
seven Cardinal Principles, the science subcommittees, which consisted of biology,
physics, chemistry and general biology, addressed six. The only principle not
emphasized by the science committee was the first one, command of fundamental
processes, which was defined as the basic skills in reading, writing and calculating
(DeBoer, 1991).
The committee decided that a general science course would be taken as the
beginning of the science requirement followed by biology, chemistry and physics.
Courses that could be offered as electives included zoology, botany, astronomy, physical
geography and physiology. The science committee highlighted five major goals of
science education: (a) ―general welfare of society,‖ (b) ―science-related avocational
interests and an enjoyment of nature,‖ (c) ―interest in science as a future career,‖ (d)
―making and interpreting observations,‖ (e) ―full understanding of the principles of each
of the science fields‖ (Bybee & DeBoer, 1993, p. 368).
In making recommendations about the methods of teaching science, the
committee pushed for conceptual learning that would tie the various aspects of science
together (Bybee & DeBoer, 1993). In biology, for example, instead of saying that
humans contain carbon and plants contain carbon, one could say that living things contain
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carbon. Another recommendation included using projects and discovery for student
learning (DeBoer, 1991). The use of problem solving was also a goal that was pushed for
in science. This ability to problem solve would help students in the real world, and
students‘ interests and past experiences could play an important role in the acquisition of
knowledge (DeBoer, 1991).
The Twentieth Century
As in the 19th century, the needs of society governed the goals of science
education in the 20th century. Shifts between the dominant goals were seen in the
different curricula established during the decades of the 20th century. The beginning of
the 20th century began with the Progressive Era, which stressed the personal social goal,
with a jump to the knowledge goal during the 1960s with another rebound back to the
personal social goal in the 1970s. The needs of society were most influential in the goals
of the curricula of the time.
The time period from 1917 to 1957 is often referred to as the Progressive Era.
The Progressive Education Association was organized by Stanwood Cobb during this
time period (Bybee & DeBoer, 1993). There was an ongoing debate that continues today
between the knowledge goal and the personal social goal. The vast majority of educators
during this time period pushed to abandon the traditional methods of teacher-centered
classrooms that stressed the knowledge goal. Instead, they focused on the personal-social
goal that made school relevant to the social world (Bybee & DeBoer, 1993). The
student-centered science curriculum was no exception (DeBoer, 1991).
A major milestone reached during this period was the organization of a
curriculum in which a sequence of courses was mapped out for students to take. In
science, a general course was taken followed by biology, physics and chemistry (Bybee
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& DeBoer, 1993). Previous to the establishment of a general science course during the
1890s and 1900s, there was a decline of interest in science. During this decline of
science, interest in other subjects, such as English literature and foreign languages, was
increasing (Bybee & DeBoer, 1993). Once established, however, the general science
course became one of the most popular courses, in part because this class was generalized
and easy for all students to comprehend. Instead of focusing on specific facts and
scientific knowledge, this course focused on the relevance of science to everyday life, a
common theme in the social goal (DeBoer, 1991). This general science course was
described as ―science of common things and the science of common use‖ (DeBoer, 1991,
p. 90). General science included topics, such as ―food, water, air, clothing materials,
materials of construction, fuels, plant life, animal life, heat, light, electricity, sound,
machines, weather, climate, sky, crust of the earth, and soil‖ (DeBoer, 1991, p. 90).
Biology, physics and chemistry were no longer the introductory sciences; they were the
sciences designed to prepare students for college (DeBoer, 1991). Biology became the
next most common offering after general science. Biology was a combination of
zoology, botany, physiology and hygiene, and it was seen as a transitional class between
general science and more advanced sciences, such as physics and chemistry. Biology
was seen as a balance between student interest and curriculum requirements (DeBoer,
1991).
By the end of the progressive period, many individuals still believed that
education should relate to the interests of the students and to the real world. The general
science class and transitional Biology I class in which the goals included ―democratic
living, personal and social growth, and human relationships‖ served well to perform this
function (DeBoer, 1991, p. 143). On the other hand, the upper sciences could be taken by
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those who were planning on going to college or who intended to further study science.
However, some longed for the traditional educational system and believed that
knowledge should be available for all who need it, not just those who were furthering
their education. They believed that students should learn more than ―how to drive a car
and look nice‖ (Bybee & DeBoer, 1993, p. 145). They claimed that education in the
United States was not strong enough (DeBoer, 1991).
This lenient curriculum came into play during recruitment for World War II. At
this time, many concerns arose about the American education system. One of these was
the lack of educational quality during the testing of military recruits. An improvement
was needed throughout the entire education system (DeBoer, 1991). Another issue was
the importance of math, science and technological subjects. Also, many science
researchers and professors joined the war effort; this led to a weak science presence in
schools and threatened the country‘s position as a major force in science and technology.
Between 1940 and 1941, the number of students enrolling in college dropped from
375,000 to 200,000, and the number of science faculty between 1944 and 1945 dropped
from 41,000 to 36,000. Many of these teachers were designated to work on research
projects for the military, which left future scientists without proper training. America
was falling behind in education in general, and science education was especially
criticized (DeBoer, 1991). On October 4, 1957, the education and thought processes of
Americans quickly changed when the Soviet Union launched Sputnik.

American

citizens were suddenly concerned about the placement of American students among the
industrialized nations (Bybee & DeBoer, 1993). Because of the fear of students falling
behind, the federal government invested more money into science education than ever
before. This increase in federal funding became known as the Golden Age. During this

27
time period, there was a shift in goals from the personal social goal back to the
knowledge goal. Many Golden Age educators believed that knowledge was the primary
goal and that methods were the appropriate road to achieve this goal; little attention was
given to the personal social goal (DeBoer, 1991). Educators and scientists wanted
students to learn how to ―ask questions, how to look for evidence, and how to evaluate
the results of their enquiries‖ (DeBoer, 1991, p. 164).
Because of this change in goals, many subjects, including physics, biology, and
chemistry, were overhauled. In 1959, the National Science Foundation organized and
funded the Biological Sciences Curriculum Study (BSCS). The Committee, comprised of
scientists, administrators, textbook writers and teachers, tackled the task of organizing
science content in curricula. The committee believed that the presentation of biology
content was inconsistent and unconnected and that it focused too much on the
memorization of facts instead of on concepts and relationships between various areas.
Another concern of the committee was the matter of inquiry. Biology labs could be used
to help students in discovery, but many labs utilized step-by-step procedures. To help
rectify the lack of inquiry, BSCS created textbooks that were designed around inquirybased lessons. Three different textbooks were compiled by BSCS. The Green, Yellow,
and Blue versions focused on ―molecules, community, and cellular levels of biology‖
(Bybee & DeBoer, 1993, p. 151). Lab manuals were made to accompany the books.
The BSCS curriculum was different than that of previous curriculum changes because it
deemphasized the personal social goal and focused more on the knowledge and methods
goal (DeBoer, 1991). Many textbooks were influenced by the popularity of BSCS, and a
study was done by Suzanne Quick documenting a gradual trend in which more textbooks,
such as Modern Biology, became more like the BSCS books (DeBoer, 1991).
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Inquiry teaching became common during the Golden Age. There were two
theories of inquiry. One involved the way in which scientists think. This type of inquiry
showed students that science was an inquiry-based subject because scientists went
through these steps of inquiry when doing research. The second and more controversial
of the two theories was a teaching method in which students learned entirely by inquiry.
Opponents of the second theory, such as David Newton, argued that young students need
structure, that inquiry took the safety and guidance required of step-by-step learning and
that it did not prepare students properly for college-level science (DeBeor, 1991).
Teachers enjoyed the use of inquiry and had many positive statements about its use, but
they also experienced negatives of inquiry, such as, ―they [teachers] felt more
responsibility for teaching facts, ‗things which show up on tests,‘ ‗basics,‘ and ‗structure
and the work ethic,‘ and inquiry didn‘t lend itself to these areas of their job‖ (DeBoer,
1991, p. 209). Other teachers discussed the difficulty in meeting state standards by using
inquiry as a basis for classroom instruction (DeBoer, 1991).
Another shift in goals and a new interest in the personal social goal followed the
Golden Age. The aim of science shifted from keeping pace with the Soviet Union to
providing an adequate education for all (DeBoer, 1991). During the late 1960s and 1970s
American society was discontent because of problems, such as racism, poverty, and riots.
The goal was shifted to repair the damage that was done locally while the focus was on
international problems (DeBoer, 1991). The 1970s became known as the New
Progressivism, and scientific literacy was emphasized. The focus was on providing
students with the scientific tools necessary to live in the world instead of focusing on
producing a scientific elite (DeBoer, 1991). This time period was referred to as the ―time
of scientific literacy‖ (DeBoer, 1991). Paul DeHart Hurd defined scientific literacy as a
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relation of science to society. He thought that relating to science and understanding its
role in everyday life were as important to the layman as they were to science majors and
college students. The National Science Teachers Association (NSTA) stated, ―The major
goal of science education is to develop scientifically literate and personally concerned
individuals with a high competence for rational thought and action‖ (DeBoer, 1991, p.
377).
In the Progressive Era of the 1970s and 1980s, a theme based on the need for
scientific literacy and the incorporation of science and technology called STS (sciencetechnology-society) was introduced by James Gallagher (DeBoer, 1991). NSTA
supported the push for scientific literacy by asserting that an understanding of science
and technology was needed for basic living. One area emphasized by STS was
environmental education, a growing concern of the time. As a result, environmental
education made its way into the science curriculum—either in its entirety or as sections
incorporated into K-12 science classes (DeBoer, 1991). Part of the popularity of the
science-technology-society theme was awareness of the environment. With the passing
of the Environmental Education Act in 1970, there was an increased awareness of natural
resources and of human impact on the environment. The act dealt with ―the educational
process dealing with man‘s relationship with his natural and man-made surroundings, and
include the relation of population, pollution, resource allocation and depletion,
conservation, transportation, technology, and urban and rural planning to the total human
environment‖ (DeBeor, 1991, p. 183). Although this law was enacted in 1970, there was
still surprisingly little use of environmental education even 10 years later. Many state
educational leaders were uncertain about whether to make environmental education its
own separate course or to include it with biology (DeBoer, 1991).
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Along with the STS approach, the American Association for the Advancement of
Science established Project 2061 in 1985, the year of the last passing of Haley‘s Comet.
It was a plan to improve education and have a society literate in science by 2061, the
next passing of Haley‘s Comet (American Association for the Advancement of Science,
2010). Mathematics, technology and science are all incorporated into this design. Led
by F. James Rutherford, Project 2061 stipulates the knowledge that graduating high
school students should possess in the areas of math, science and technology. With
specific regard to science, Science for All Americans was published in 1989 and paved
the way for the national scientific literacy benchmarks that were passed in 1993 (Bybee
& DeBoer, 1993). Like Project 2061, Science for All Americans outlined a set of
recommendations of what students should know when they graduate high school. In
1993, a set of benchmarks was published that stated what each student should know by
the third, fifth, eighth, and 12th grades.

Many states‘ own benchmarks and national

standards are based upon the recommendations of Science for All Americans (AAAS,
2010).

The recommendations included the following:


Being familiar with the natural world and recognizing its diversity and its
unity.



Understanding concepts and principles of science.



Being aware of some of the ways in which science, mathematics and
technology depend upon one another.



Knowledge that science, mathematics and technology are human
enterprises and knowing about their strengths and limitations.



Developing a capacity for scientific ways of thinking.
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Using scientific knowledge and ways of thinking for individuals and social
purposes (Bybee & DeBoer, 1993, p. 382).

One way in which Project 2061 intended to improve education was to decrease
the amount of material, so relevant science could be taught more clearly and in better
detail. Another recommendation was to establish connections between subject matter and
to avoid definitive boundaries between the different topics taught (Bybee & DeBoer,
1993).
National Science Education Standards
The National Science Education Standards (NSES) began development in 1989
with the support of the National Governors Association and President George H. W.
Bush‘s National Education Goals Panel. Mathematics was the first nationally
standardized subject and appeared during 1989. In 1991, the NSTA had a unanimous
vote to develop national science standards. The National Research Committee (NRC)
was asked to help. The NRC formed the National Committee on Science Education
Standards and Assessment (NCSESA). The first meeting for the NCSESA was in May of
1992. In May of 1994, the pre-draft of the standards was released. The pre-draft was
reviewed by many groups, revised, and the final draft was released to the public in
December 1994 (National Science Education Standards [NSES], 1996).
The aim of the NSES is to have a nation of scientifically literate students and
adults. The NSES are directed at a national audience to help ensure that the entire
country moves forward and that political policy is in place to support this goal. Scientific
literacy is defined by the NSES as ―the knowledge and understanding of scientific
concepts and processes required for personal decision making, participation in civic and
cultural affairs, and economic productivity‖ (NSES, 1996, p. 22). Scientific literacy
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enables people to use science in making everyday decisions and in problem solving.
Scientifically literate students have a more enriched life because of an enhanced ability to
enjoy nature and to communicate and understand science in everyday life. Teachers,
administrators, parents, community policy makers and tax payers all contribute to a
scientifically literate society (NSES, 1996).
The inquiry method is emphasized to accomplish scientific literacy. Inquiry, in
reference to scientists, is defined by NSES as ―the diverse ways in which scientists study
the natural world and propose explanations based on the evidence derived from their
work‖ and, in reference to students, as ―the activities of students in which they develop
knowledge and understanding of scientific ideas, as well as an understanding of how
scientists study the natural world‖ (NSES, 1996, p. 23). When students use inquiry in
science, they ―describe objects and events, ask questions, construct explanations, test
those explanations against current scientific knowledge, and communicate their ideas to
others‖ (NSES, 1996, p. 2). Inquiry in science provides a pathway for teaching the
methods utilized in problem solving. Inquiry emphasizes investigation and problem
solving and bases learning on what is required to provide the steps necessary to achieve
scientific literacy by graduation. The NSES provide content standards that students
should know at various grade levels to achieve this goal of scientific literacy. They also
provide the standards that every member of the community and educational system must
abide by if these goals are to be attained. Scientific literacy is becoming increasingly
important as more and more careers require critical thinking and problem solving (NSES,
1996).
The NSES require students to ―identify their assumptions, use critical and logical
thinking, and consider alternate explanations‖ (NSES, 1996, p. 2). Hands-on learning in
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itself was insufficient, so science should be minds-on as well. To accomplish this mindson learning, students should ―describe objects and events, ask questions, acquire
knowledge, construct explanations of natural phenomena, test those explanations in many
different ways, and communicate their ideas to each other‖ (NSES, 1996, p. 20).
People involved in the development of the standards include ―teachers, school
administrators, parents, curriculum developers, college faculty and administration,
scientists, engineers, and government officials‖ (NSES, 1996, p. 3). The standards are
considered to be dynamic because there is always room for review and revision.
The standards are divided into six different sets. These six sets were then divided into
subsets in which a more detailed outline is provided (NSES, 1996). The standards and
strands of each are listed in Table 1 as well as the overall goal of each standard:
Table 1
National Science Education Standards
Standards
Science Teaching Standards
Overall goal:
The science teaching standard describes
what teachers of science at each grade level
should know and be able to perform in the
classroom.
Professional Development Standards
Overall goal:
The professional development standards
describe professional development for
science teachers helping them to increase
knowledge of the subject area and skill in
the classroom by involving them in inquiry
investigation and teaching.

Strands
1. The planning of inquiry-based science programs
2. The actions taken to guide and facilitate students
learning
3. The assessments made of teaching and student
learning
4. The development of environments that enable
students to learn science
5. The creation of communities of science learners
6. The planning and development of the school
science program
1. The learning of science content through inquiry
2. The integration of knowledge about science with
knowledge about learning, pedagogy, and students
3. The development of understanding and ability
for lifelong learning
4. The coherence and integration of professional
development programs
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Table 1 (continued).
Standards
Assessment Standards

Strands
1. The consistency of assessments with the
decisions they are designed to inform
2. The assessment of both achievement and
opportunity to learn science
3. The match between the technical quality of the
data collected and the consequences of the actions
taken on the basis of those data.
4. The fairness of assessment practices
5. The soundness of inferences made for
assessments about student achievement and
opportunity to learn.

Overall goal:
The assessment standards are used to,
―judge the quality of assessment‖ (p. 5).
This assessment stretches beyond that of
just the student but to the teachers, districts,
and states by measuring, ―teachers‘
professional knowledge, the time available
to teach science, and the resources
available to the teach science‖ (p. 6)
1. Unifying concepts and processes in science
Science Content Standards
Overall goal:
The science content standards give an
outline of what students should learn about
the natural sciences from K-12 grades,
however, it is not the methods of learning,
allowing teachers to incorporate their own
style and individuality into the classroom.
Science Education Program Standards
Overall goal:
The science education program standards
are aimed at creating an environment that
provides ―quality‖ science education
through appropriate resources and time as
well as with integration with other subject
areas.

2.
3.
4.
5.
6.
7.
8.

Science as inquiry
Physical science
Life science
Earth and space science
Science and technology
Science in personal and social perspective
History and nature of science

1. The consistency of the science program with the
other standards across grade levels
2. The inclusion of all content standards in a variety
of curricula that are developmentally appropriate,
interesting, relevant to student‘s lives, organized
around inquiry, and connected with other school
subjects
3. The coordination of the science program with
mathematics education
4. The provision of appropriate and sufficient
resources to all students
5. The provision of equitable opportunities for all
students to learn the standards
6. The development of communities that
encourage, support, and sustain teachers
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Table 1 (continued).
Standards
Science Education System Standards
Overall goal:
The science education system standards are
aimed at unifying the goals for science
education from policy makers, agencies,
administration, and other influences on the
science curriculum.

Strands
1. The congruency of policies that influence
science education with the teaching, professional
development, assessment, content, and program
standards
2. The coordination of science education policies
within and across agencies, institutions, and
organizations
3. The continuity of science education policies over
time
4. The provision of resources to support science
education policies
5. The possible unanticipated effects of policies on
science education
6. The responsibility of individuals to achieve the
new vision of science portrayed in the standards

From National Science Education Standards (p. 27-54), 1996, Washington D.C.: National Academy Press. Copyright, 1996 by the
(National Academy Press). Reprinted with permission.

Standards in Detail
Science teaching standards are aimed at developing teachers who provide an
environment that is conducive for the learning of science and the opportunity for the
students to participate in active, inquiry-based learning. Teachers need to be able to
provide inquiry-based lessons in which the students have the opportunity to participate in
the learning process. In developing this type of curriculum, the teacher needs to
understand that lessons should be based on student interest and experience. The teacher
also needs to be flexible to allow the lesson to change and adapt depending upon student
understanding. The teacher might plan individual work, small group work or whole class
discussion, depending upon what is appropriate for the topic. The standards for science
teaching call for collaborative teaching that involves teaming between other science
teachers, as well as between various subject area teachers. This communicative planning
provides a more conducive learning environment for the students where the subjects are
not segregated and instead incorporated together (NSES, 1996).
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Science teaching standards call for research and exploration beyond the
classroom. The science teaching standards expect teachers to allow students to learn,
explore, and make decisions and discoveries when they go on field trips to industries,
visit the library, and read books. Teachers should lead by example by solving problems
and demonstrating inquiry in their own classrooms daily. Also, the teacher should be
enthusiastic and show interest in the material in order to encourage the same in the
students (NSES, 1996).
Assessment is another goal of the science teaching standards. The assessments
laid out by the NSES involve more than just the tests that come at the end of the lesson.
Assessment should be an on-going process where teachers are constantly monitoring the
students. Assessments will help in the planning of the curriculum and should not be
entirely focused at the end of the lesson. The administrators of the NSES stress the need
for periodic assessments instead of, or in addition to, paper and pencil tests involving
items, such as portfolios and presentations. The standards support students taking part in
formulating the assessments. This ownership will help students with self-assessment
(NSES, 1996).
Professional development for teachers should be an ongoing process expanding
from pre-service teachers to seasoned veterans. According to the standards, some
professional development should be instructing teachers in how to teach science. Most
undergraduate science courses do not involve inquiry and are often fact based; therefore,
many teachers have no inquiry experience in their entire science background. Since
teachers often teach the same manner in which they were taught, many of them have factbased classroom environments with little to no inquiry. Professional development should
be aimed at bridging the gap between classrooms with no inquiry and classrooms with
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inquiry. Obviously, it would be very difficult for teachers to teach inquiry if it had never
been taught to them. Professional development should also be aimed at keeping science
teachers abreast of the ever-changing field of science and should be geared to the grade
level taught by the teacher. For example, the elementary science teacher would not have
as much depth attribute to one‘s professional development as the secondary science
teacher. As with the students, teacher professional development should involve group
work and collaboration. There needs to be collaboration among science teachers and
among ―schools, colleges, local industry, and other science-rich centers‖ (NSES, 1996, p.
67).
Assessment, according to the NSES, is an ongoing process, not just something
saved for the end of the lesson or class. Assessments can involve ―observations,
portfolios, investigative projects, written reports, and multiple choice, and short answer
and essay tests‖ (NSES, 1996, p. 84). Assessment is not always aimed at judging; it is a
form of feedback. ―Assessment provides teachers with feedback on how well students are
learning, districts with feedback on the effectiveness of their teachers and programs, and
policy makers with feedback on how well policies are working‖ (NSES, 1996, p. 76).
Authentic assessments are emphasized in the NSES. Authentic assessments
measure students‘ understanding and reasoning abilities and how they apply scientific
knowledge—not just whether they have the knowledge. Assessments are to be designed
with the content standards, audience and methods of the lesson in mind. Assessments
should be free from bias regarding social groups, races, genders, experience, interest, etc.
and should be reviewed to ensure that the assessment is free from any bias or stereotypes
the student may find offensive. If students become offended by the assessment, their
knowledge can not be truly measured.

Assessments should contain elements that are
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relevant to the students‘ lives. When the assessments are interlinked with students‘ lives,
more confidence can be placed in the assessment (NSES, 1996).
The purpose of the assessment should be clearly stated, so the audience knows
what the assessment measures when it is completed, and assessments should measure
what they are intended to measure. The nature of the assessment should match the lesson
in purpose and format. For example, science assessments begin to resemble reading
assessments if passages are particularly lengthy and wordy (NSES, 1996).
The NSES pushed for alternative assessments to be viewed as equally valid as
tests themselves. Policy makers need to be made aware that these authentic assessments
provide more information than whether or not the students attained the knowledge.
Authentic assessments call for application of the knowledge, something a multiple choice
test cannot do. Critics often call authentic assessments subjective and argue that the
student‘s ability is not truly measured. This is a belief that the NSES hope to change.
Rubrics are emphasized in these alternative assessments as a way to decrease the
subjectivity (NSES, 1996).
Another standard in the NSES is the science program standard, which discusses
the overall science classroom and has an overall goal to enhance student learning. To
help accomplish this goal of enhanced student learning, ―a framework is made to serve as
a blueprint for the curriculum‖ (NSES, 1996, p. 210). This blueprint is seen as a
minimum, and items may be added to this framework. However, removal of an item is
not to occur within the inquiry standard as it is the overlying theme throughout the
curriculum. Research has shown that students learn best through investigation and
discovery. In teaching the items in this framework, consideration of students‘ abilities
and interest levels should be taken into account (NSES, 1996). The program should
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allow students to design questions and to research answers to those questions. Also,
teachers and students require support to make the science program successful, so teachers
should have adequate monies, resources and professional development, and students
should have ―teacher access, time, materials, space and equipment‖ (NSES, 1996, p.
218).
Often in schools there is a feeling of isolation and competition among teachers.
The science program standards call for a unity among the teachers and administration.
Teachers are to see themselves as a team and work together toward the common goal of
student success. School administrators must support teachers in planning the program by
giving them appropriate time to plan and resources to use in and out of the classroom.
Administrators should be accepting of the changes in the science curriculum and help
with the implementation of these changes. (NSES, 1996).
The science education system standards require that state and federal policies
must mandate laws that are in accordance with NSES. For example, classroom size is
mandated by a federal policy, and having small class sizes helps manage time and
resources when utilizing inquiry-based instruction. Universities and colleges must match
their curricula with the NSES as this will ensure that upcoming science teachers will have
been exposed to inquiry in undergraduate work. Political policymakers need to allow
time for the implementation of the standards rather than changing them every two to four
years with the changing of administrations. These policy makers also should be made
aware of the appropriate resources needed to implement the NSES and make those
resources available. Assessments mandated by state and federal governments should
reflect the standards outlined by the NSES and involve inquiry-based and authentic
assessments (NSES, 1996).
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The content standards are ―outcomes for students; they do not prescribe
curriculum‖ (NSES, 1996, p. 103). The grades are divided into K-4, 5-8 and 9-12 based
upon, ―cognitive development theory, the classroom experience of teachers, organization
of schools, and the frameworks of other disciplinary based standards‖ (NSES, 1996, p.
104). The content standards are divided into eight categories which are subdivided into
smaller categories (NSES, 1996). The content standards are listed in Table 2.
Table 2
National Science Education Standards Process Strands
Process Strand
Unifying Concepts and Processes in
Science
Science as Inquiry

Physical Science
Life Science
Earth and Space Science
Science and Technology

Science in Personal and Social
Perspectives

Description
An underlying theme that ties the different science
disciplines together. It encourages science to be
looked at as a whole instead of individual units.
Underlying theme that allows students to investigate
and have ―minds on‖ experiences in a science
classroom. This investigation should have scientific
backing and be communicated in some form.
Investigations should be relevant to students. In
doing inquiry students will design and conduct
experiments.
Widely accepted content strand dealing with
physics, chemistry, and energy
Widely accepted content strand dealing with
biological sciences including organisms on both the
micro and macro levels.
Widely accepted content strand dealing with
physical aspects of the earth and space
Science and its associations with technology
especially for decision making processes and design.
Students will use technology to identify a problem,
propose a solution, implement proposed solution,
and evaluate a product or design. Students should
be able to differentiate between man-made and
natural objects. Students should understand the
interconnectedness between science and technology
with both influencing each other.
Incorporation of the ―real world‖ into science,
students research various aspects of science in
everyday lift that is relevant to both them and the
community. Topics such as population growth,
natural resources, and environmental quality are
important to this topic. Study the interdependence
of organisms
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Table 2 (continued).
Process Strand
History and Nature of Science

Description
Allows students to see where science came from and
different methods and theories that have changed
culture. Learn about scientists and the contributions
that they have made. Children should see that
various races, genders, and disabilities have
contributed to science. Students should see that
science and discoveries are a dynamic process.

From National Science Education Standards (p. 103-208), 1996, Washington D.C.: National Academy Press. Copyright, 1996 by the
(National Academy Press). Reprinted with permission.

Focus, for this study, is placed on the 9-12 life science curriculum since it is
tested on the Mississippi Biology I SATP. The content strands for the 9-12 life sciences
are listed in table 3 (NSES, 1996).
Table 3
Grades 9-12 Life Science Content Standards
Content Strand
The Cell

Molecular Basis of Heredity

Biological Evolution

Description
*Organelles and functions
*Enzymes
*Protein synthesis
*Characteristics of living cells through living genes
such as growth ,reproduction, response to
environment
*Cellular respiration
*Plant cells
*Photosynthesis
*Cell organization
*DNA
*Central Dogma of genetics
*Chromosomes
*Reproduction and inheritance
*Mutations-benefits and disadvantages
*Evolution in terms of genetic variability
*Resource requirement
*Diversity filling niches
*Natural Selection involving fossil record and DNA
similarities
*Today‘s organisms evolving from common
ancestors
*Biological classification and evolutionary
relationships
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Table 3 (continued).
Content Strand
Interdependence of Organisms

Matter, Energy and Organization in Living
Systems

Behavior of Organisms

Description
*Biogeochemical cycles
*Energy flow including producers, herbivores,
carnivores, and decomposers
*Relationships among organisms
*Limitations of resources
*Human impact
*Living systems require energy; without this energy
life stops/ATP
*Sun is the ultimate energy source
*Organic molecules
*Bonds and energy
*Organisms‘ transformation of energy to maintain
life
*Limitations of population due to availability of
matter and energy
*Recombination of energy moving through
organisms and organizational levels of organisms
*Nervous System
*Responses to external stimuli; innate and
learned
*Behavior patterns both innate and learned
*Flexibility of animals for survival
*Evolution of behaviors
*Behavioral biology in relation to humans

From National Science Education Standards (p. 111), 1996, Washington D.C.: National Academy Press. Copyright, 1996 by the
(National Academy Press). Reprinted with permission.

As repeatedly emphasized by the NSES, many agencies must be involved in the
scientific reform if scientifically literate students are to be produced. These agencies
include teachers, students, parents, administrators, business leaders, taxpayers and policy
makers. Because students learn best from minds-on learning, inquiry should be
emphasized in every science classroom. The curriculum should be free from bias and
give every student the opportunity to become scientifically literate. The curriculum
should be important and relevant to the student and to experiences that the students will
face in their everyday lives. Inquiry should be the basis for all assessments as this is how
the students learn the material. The NSES goal of making every student scientifically
literate will be realized as a result of a concentrated, coordinated, dynamic process
involving much more than just a teacher in a classroom.

43

The No Child Left Behind Act
As with the NSES being a dynamic process, so are the laws that guide education.
Education has been drastically changed during the last few years with the passage of
President George W. Bush‘s No Child Left Behind Act (NCLB) in January of 2002
(Jorgensen & Hoffman, 2003). Teachers, administrators and students were exposed to
challenges and assessments that had never been seen in a classroom before.
No Child Left Behind has a long history. The No Child Left Behind Act is a
reauthorization of the Elementary and Secondary Schools Act (ESEA). The ESEA was
begun by President Lyndon Johnson to support his war on poverty. Due to a decrease in
graduation rates and student performance and an achievement gap between racial and
socioeconomic groups in 1981, the National Commission on Excellence in Education was
formed to improve education (Walden & Kritsonis, 2008). In April of 1983, A Nation at
Risk was released. The report concluded that of the 17-year-olds in the United States,
13% were not literate (Jorgensen & Hoffman, 2003). Of the 13% of illiterate 17-yearolds, the rate among minorities was as high as 40%. Scores on the Scholastic Aptitude
Test were declining in verbal, mathematical and English skills, and there was a 72%
increase in remedial mathematics classes in four-year universities (Jorgensen, &
Hoffman, 2003). This act directed Title I money and support toward disadvantaged
students in poor school districts (Jorgensen & Hoffman, 2003).
The next step toward NCLB was America 2000. The goal of America 2000 was
to increase the number of students who would be productive members of society, and it
was the beginning of a standards-based curriculum. In 1989, President George H.W.
Bush met with governors from each state to develop a curriculum that had a national
common thread and that would increase the rigor of the curriculum. Rigorous
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assessments of these standards were designed to complement the newly-developed
curriculum (Knight & Erlandson, 2003).
Following America 2000 and another step leading to NCLB were the Improving
America‘s Schools Act of 1994 (IASA) and Goals 2000: Educate America Act under
President Bill Clinton (U.S. Department of Education, 1999). The IASA was a
reauthorization of ESEA and expanded the focus of ESEA to include all students, not just
those who are disadvantaged. Some of the amendments made to ESEA by ISIA included
content and performance standards with assessments matching these standards in grade 35, 6-9, and 10-12. There was also a new accountability system where schools were held
accountable for ensuring that all students succeed. The schools that did not succeed were
to be identified (Jorgensen & Hoffmann, 2003).
When President George W. Bush signed the No Child Left Behind Act into law in
January of 2002, he again made modifications to the ESEA. The changes made the
provisions more stringent, changed the name, and changed the face of education. As
quoted by the U.S. Department of Education (2004), NCLB is the most influential federal
law guiding K-12 education. It is built upon four pillars (or principles): (a)
accountability for results, (b) more choices for parents, (c) greater local control and
flexibility, and (d) an emphasis on using methods that have been proven by scientific
research (United States Department of Education [USDE], 2004).
The first of the four pillars, accountability for results, refers to the achievement
gap between students. Specifically, the government is holding schools accountable for
ensuring that every student, including minorities and the economically disadvantaged,
reach academic proficiency. If students do not achieve this goal, the school must take
additional measures, such as providing free after-school tutoring and assistance. If
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students are still not meeting the required standards after five years, drastic changes are
made, including the replacement of school personnel (USDE, 2004).
The second pillar allows parents more choices by giving them the option to move
a child from a low-performing school to a higher-performing school within the district.
The district is required to cover the cost (possibly from Title I funds) of the transportation
necessary for these children to attend the higher-performing school (USDE, 2004).
The third pillar, greater local control and flexibility, enables schools to have more
input as to the dispersal of government monies. In fact, this pillar allows school districts
to transfer up to 50% of the federal formula grant funds they receive under the Improving
Teacher Quality State Grants, Educational Technology, Innovative Programs and Safe
and Drug-Free Schools programs laterally among these programs or to their Title I
program without separate approval. States and/or districts are thus able to place funds
where the most improvements are needed (USDE, 2004).
The fourth pillar emphasizes using research-proven educational methods. The
federal government supports educational research to provide teachers with the best
possible methods of educating students. Examples of NCLB supporting scientificallybased instruction can be found in the early grades under the Reading First program and in
preschool under the Early Reading First program (USDE, 2004).
Another common term used when speaking of NCLB is Adequate Yearly
Progress (AYP), a term first brought to the forefront by President Bill Clinton. At that
time, however, it did not receive widespread criticism because the definition of AYP was
not clearly set, and each state had the responsibility of setting its own recommendations.
With the passing of NCLB, however, AYP was more clearly defined and exact goals
were outlined (Fritzberg, 2004, p.12).
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Adequate Yearly Progress accreditation mandates that two particular requirements
must be met by each school. First, a school must meet an annual growth expectation in
student achievement; second, a certain percentage of students must score at or above the
basic and proficient levels on standardized tests. Students, teachers, principals,
superintendents and school board members are all held responsible for student
achievement (USDE, 2010). The measurement of proficiency is to be done by
assessments that must be administered to 95% of all students in grades 3-8 and 10-12.
By the year 2013-2014, the goal of AYP is that 100% of students will be scoring at the
proficient level (Hursh, 2005).
To meet the goals outlined by NCLB, Mississippi has organized an
Accountability Task Force, which met in 2007 and assigned goals for the state. These
goals include (a) reducing the dropout rate to 13% by 2013, (b) reaching the national
average on national assessments by 2013, and (c) ensuring that all students exit third
grade on grade level by 2020 (Mississippi Department of Education [MDE], 2009).
On March 20, 2009, the Mississippi Department of Education passed a new
accreditation system designed to measure Mississippi students‘ scores in a manner that
would place them on a level commensurate with students across the nation and around
the world. This system gives Mississippi schools seven possible rankings based on
performance: star school, high performing, successful, academic watch, low-performing
schools, at-risk of failing and failing. The performance classification assigned to a school
or district is determined by the percentage of students who are performing at criterion
levels (minimum, basic, proficient and advanced) and by the degree to which the
students‘ performances have improved over time (based on the expected growth value of
the school) (MDE, 2009).
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In Mississippi, four subject areas are tested at the high school level:
(a) English II, (b) Algebra I, (c) U.S. History, and (d) Biology I (MDE, 2009). Science
(biology) has only recently been included in the accountability system. In the year 20072008, states began to be required to administer a science assessment in grades 3-5, 6-9,
and 10-12. These science assessments were to measure various aspects of the state
curricula and content strands, as well as higher order thinking (Patz, 2006).
There are advantages and disadvantages to placing such an incredible amount of
weight upon these tests. It is an advantage to be able to hold schools accountable for
teaching the material that is required and laid out in the state standards. However, some
disadvantages of teaching to such high stakes testing include teacher pressure and the
effects the testing has on the curriculum.
Advantages
Accountability of teachers, students and school administrators is an advantage of
NCLB. With pressure from the federal government, states have developed standards and
standardized tests to measure student achievement. The No Child Left Behind Act,
accompanied with state testing, brings an unprecedented sense of accountability to
schools. Test scores hold schools accountable for student learning. High achieving
schools might receive cash rewards while low achieving schools run the risk of having
their doors closed forever. If a school fails to make AYP, a number of penalties may be
assessed. For example, schools may be monetarily penalized by being forced to incur the
cost of interventions designed for improvement. Transportation to higher performing
schools, tutoring and professional development for teachers and administrators are all
interventions that take place at the school‘s expense. These extra expenditures
compromise school budgets and subtract from monies allotted to other areas. If a school
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continues to fail to make AYP for four years consecutively, which can be accomplished
by one subgroup, e.g., minorities or students with disabilities who do not meet yearly
progress, the state may replace the school staff and implement a new curriculum. The
state will also decrease management authority at the school level and reorganize the
school internally. After five years of not meeting AYP, according to the U.S. Department
of Education, the government will respond by cutting administrative pay, hiring new
personnel, replacing superintendent or school board with a trustee, or closing or
reorganizing the school district. Particular focus is placed on holding the actual parties
responsible for the failure accountable. The fact that teachers, students, administrators
and even school board members are held personally accountable demands that all
concerned put even more effort into student achievement (Hursh, 2005).
Frequently, the aforementioned personnel are not only responsible for annual
achievement levels but also for each student‘s graduation. In an effort to guarantee the
value of a diploma, many states have included a fixed level of achievement on state
mandated tests as one of the requirements for graduation. Students who do not achieve a
level set by the state on the standardized tests will not be allowed to graduate (Hursh,
2005).
Because individual schools are held accountable for each student‘s test scores,
parents have the option of sending their children to higher performing schools. This
raises the stakes even further by establishing competition among schools (Hursh, 2005).
Annual school report cards are not only sent home with students but are also made
publicly available through each state‘s Department of Education website. Parents and
other members of the public may view these report cards to compare the performance of
schools in the area (USDE, 2004).
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Through these annual report cards, parents are also informed as to how much
actual learning is taking place in a child‘s school. The New York Chancellor of
Education, Carl Hayden, and the Commissioner of Education, Richard Mills, argued in
favor of standardized testing by saying that curriculum standards are objectively
determined and that standardized test scores provide a valid and reliable means of
assessing students‘ learning. Such objective methods are required because teachers and
administrators cannot be trusted to assess student learning objectively and accurately.
Data from these tests can help parents assess a child‘s readiness for college. Without
these data, parents might have children who have received straight A‘s in high school yet
are unprepared for college. By looking at their own children‘s scores and those of other
students in the state, parents can more accurately determine their children‘s levels of
success in the four core classes that are assessed by the Subject Area Testing Program
(Hursh, 2005).
Another advantage of NCLB is more focus on educating minorities and the
disadvantaged. Commissioner Mills further justified testing and accountability by
asserting that this regime is an effective way to ensure that all students will have a
promising opportunity to learn. Since 95% of students in any subgroup are required to
participate in testing, all nonparticipating students beyond the 5% maximum are assumed
to be below standards. This forces schools to strive to raise every subgroup to the
standards necessary to meet AYP (USDE, 2004). By mandating that all students achieve
the same level regardless of race or socioeconomic status, standardized testing as part of
NCLB ensures that schools put more focus on minorities and on disadvantaged students
(Fritzberg, 2004).
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Disadvantages
Teachers and administrators can lose their jobs, and schools may be closed as a
result of this accreditation system. Administrators who fear being blamed for inadequate
school performance pass the pressure they feel on to teachers. In a study of teachers of
high stakes courses, 41% felt pressure specifically from school administrators to improve
test scores (Abrams, Pedulla, & Madaus, 2003). The accreditation system mandates that
improvements must be made from year to year, so even high performing schools feel
pressure. One teacher within a high performing school is quoted as saying,
―administrators apply pressure to teachers to keep scores higher, raise them, or exceed the
previous year‘s achievement growth‖ (Smith, 1991, p. 9).
Since educators in each state are allowed to determine their own forms of testing,
many make an obvious choice in an effort to alleviate some of the pressure. Facing the
prospect of being judged entirely on the basis of test performance, state educators often
choose very basic tests that require memorization skills instead of higher order thinking.
In response to the pressures associated with high stakes testing, teachers will often teach
the students only how to answer questions mirroring the ones on these simple,
straightforward tests. This decreases the rigor of classroom instruction and limits the
time spent teaching students to think on a higher, more creative level (Frizberg, 2004). In
response to state-level choices of tests and proficiency levels, Frizberg felt that the
incentives offered by AYP standards were likely to cause states to decrease the intensity
of the standards they set for themselves, ―the AYP provisions create short-term incentives
for certain states to water down the rigorous standards they had previously set for
themselves‖ (2004, p.16).
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Teachers of state-tested classes are often judged solely on their students‘ test
scores and often lose control of their classroom and curriculum to those who design
standardized tests (Doppen, 2007). This often leads teachers to focus their teaching on
the test, or focus entirely on the skills and knowledge that will be tested. Teachers have
expressed that state tests create the curriculum for them by setting the standards for what
they do in the classroom (Doppen, 2007). The attempt to raise test scores and proficiency
levels often sacrifices the complexities of the subject (Hursh, 2005). In his recent book
On the Death of Childhood and the Destruction of Public Schools, G. W. Bracey offered
the opinion that standardized testing forces students to reduce complex situations into a
simple multiple choice answer (Doppen, 2007).
At the elementary level, the pressure often causes teachers to omit entire subjects
if their subjects are not to be tested. The practice of ―dumbing down‖ curriculum to
compensate for the pressures associated with high stakes testing has been termed deprofessionalization of teachers (Abrams et al., 2003, p. 20). Many individuals see
elementary school as a time for exploration learning that is meaningful and exciting.
Some elementary teachers now complain that the pressure from these high stakes tests
prevents them from teaching the child as a whole entity and only teaching the child the
skills that are tested. Dounay (2000) stated that ―some people fear that rote memorization
may be stressed rather than problem-solving skills, and that teachers will focus on subject
areas or facts most likely to appear on assessments, rather than more complex skills, such
as critical thinking‖ (Dounay, 2000, p. 9). In one elementary school in Connecticut, the
teachers were instructed by their principal to refrain from any celebrations of the
Christmas holidays because this would disrupt the academic focus and preparation for the
tests (Barrier-Ferreira, 2008).
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Statistical data collected during studies indicated that teachers changed the
curriculum in response to being under pressure. In a study conducted in Virginia, 80% of
teachers indicated that their ―instruction, particularly with regard to the content focus of
daily lessons,‖ had changed (Abrams et al., 2003, p. 19). In a similar study in Arizona,
elementary school teachers indicated that subjects, such as social studies and science had
less attention focused on them because they were not on the state test (Abrams et al.,
2003, p. 19). Similarly, 87% of teachers polled in Kentucky stated that their test ―caused
some teachers to de-emphasize or neglect untested subject areas‖ (Abrams et al., 2003, p.
19). Areas in which instructional time was decreased included ―fine arts,
industrial/vocational education, class trips, enrichment assemblies, and class enrichment
activities‖ (Abrams et al., 2003, p. 23). A survey in Texas showed that teachers spent 8
to 10 hours a week on preparation for the high stakes tests (Abrams et al., 2003, p. 20).
Another study conducted on high stakes testing found that 44% of teachers indicated that
they spent 30 hours or more a week preparing for the state test, and 70% of teachers
indicated that they prepared their students throughout the entire year (Abrams et al.,
2003, p. 25). Eighty-five percent of teachers used class time teaching specific test-taking
preparation tips (Abrams et al., 2003, p. 25).
Test preparation includes ―demonstrating how to mark the answer sheet correctly,
providing test-taking tips, teaching test-taking skills, teaching or reviewing topics that
would be on the test, and using commercial test preparation materials and tests from
previous years for practice (Hoffman, 2001, p. 6). Fifty-one percent of teachers who
teach in high-stakes testing states indicated that they had changed the formatting of their
classroom tests to match those of the state test, which normally means multiple-choice
tests with less critical thinking components (Abrams et al., 2003, p. 24). Teachers also
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indicated that they felt so much pressure for high scores on state tests that 41% of them
stated that they felt there was little time to teach anything except the state test (Abrams et
al., 2003, p. 25).
Interview data also support the fact that teachers are under pressure. One
observer in a classroom noticed that at the beginning of the school year, the class
participated in hands-on science activities; near the middle of the year, science was being
taught out of books; and at the end of the year and in the weeks immediately before the
state test, no science was taught at all. At the same school, social studies and health
instruction disappeared entirely in January (Smith, 1991). Teachers in a North Carolina
study stated that ―their principals and superintendents were directing them to teach
mathematics, reading, and writing in order to prepare students for testing, even if doing
so meant teaching less science or social studies‖ (Jones et al., 1999. p. 200). Other
teachers indicated that the weeks before the state test are devoted strictly to test
preparation (Jones et al., 1999). Another teacher indicated that ―visitors would have to
look hard to see any science or social studies‖ (Jones et al., 1999. p. 202). A different
teacher stated that she was told by her principal, ―When you make each lesson plan, ask
yourself if what you are planning is going to help students on one of these tests. If it isn‘t
going to help on the tests, don‘t do it‖ (Jones et al., 1999, p. 201) A separate teacher
stated that she and her co-worker were told by their principal, ―If it ain‘t on the test, don‘t
teach it‖ (Perreault, 2000, p. 706). She also said that no new material was to be
introduced during the six weeks right before the state test (Perreault, 2000).
No Child Left Behind’s Future
President Barack Obama, like other presidents, has exerted his own influence on
NCLB. In his reauthorization of ESEA, some of the modifications include having closer
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connections between high schools and colleges; rewarding teachers, schools, districts,
and states; focusing beyond assessments on areas such as attendance and school
conditions; providing more funding for professional developments; and focusing on the
STEM (science, technology, engineering and mathematics) areas (USDE, 2010a).
In reference to the STEM areas, President Obama stated, ―I‘m committed to
moving our country from the middle to the top of the pack in science and math education
over the next decade‖ (USDE, 2010b, p. 1). As part of his action plan, he intends to
provide $300 million specifically to STEM areas in high schools. Part of this plan is to
have more students master the higher order thinking and problem solving skills in STEM
areas (USDE, 2010b).
As part of the support for teachers in the reauthorization, President Obama intends
to increase the funding for teachers to be able to engage in more professional
developments, send out annual surveys for teachers‘ voices to be heard, and in response
to the pressure associated with teachers who teach in a high stakes class, he intends to
reward successful teachers both with job advancement and with additional compensation
(USDE, 2010c).
President Obama has set a goal that by 2020 the United States will be number one
in college completion. He wants a more college-and-career-ready curriculum
implemented in high schools. Part of his plan to implement this goal is to increase the
rigor of the standards at the high school level by using assessments that are aligned with
college standards. In addition to reporting what is required by President George W.
Bush‘s reauthorization of ESEA, high schools will now be responsible for reporting
―graduation rate and college enrollment rates and the rates of college enrollment without
need for remediation‖ (USDE, 2010d, p. 11). Currently 4 out of every 10 college
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freshmen are required to take remedial courses. President Obama intends to bring this
number down by increasing the rigor in the high school classroom (USDE, 2010d). High
schools will not only have more rigorous courses, but there will also be options offered
toward dual enrollment, an increase in the number of accelerated and Advanced
Placement courses, and more high schools offering International Baccalaureate programs
(USDE, 2010e). At the elementary level, there will be more gifted and talented education
available for students who qualify (USDE, 2010f).
The increase in assessment rigor is to help school officials see if they are properly
teaching the students the necessary knowledge. Grants will be given to states that will
allow the development and implementation of these new, more rigorous assessments.
Starting in the year 2015, these grants will only be given to states that are using and
implementing college-and-career-ready assessments (USDE, 2010d).
Mississippi Curriculum and Testing
Adhering to the rules of NCLB, Mississippi, along with other states, revamped the
curriculum and assessment system utilized in the public schools. Standardized
accountability testing began in Mississippi in the 1980s when the Functional Literacy
Exam (FLE) was administered in order to determine graduation status among high school
students. The FLE was given during the 11th grade and measured areas in mathematics,
reading and written communication. Passing the FLE was required to receive a high
school diploma (MDE, a). Subject area testing in Mississippi was gradually introduced
to students, and those entering the ninth grade in 1999-2000 were required not only to
pass all three sections of the FLE but also to pass the U.S. History SATP. Students
entering ninth grade in the 2000-2001 school year were not only required to pass the
mathematics section of the FLE but were also required to pass the English II and U.S.
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History SATP. Students entering ninth grade in 2001-2002 were required to pass the
mathematics section of the FLE and the Biology I, English II and U.S. History as well.
Students entering the ninth grade in 2002-2003 or later were no longer required to take
any sections of the FLE but had to pass all four SATP tests (Algebra I, U.S. History,
Biology I and English II) to receive a high school diploma (MDE, b).
Biology Curriculum
The first Biology I frameworks were created during the year 1996. The next
revision of the frameworks came in 2001, coinciding with the administration of the
Biology I SATP. The most recent revision of the Biology I frameworks was in 2010 to
coincide with the administration of the revised test for the 2010-2011 school year
(Wroten, 2008). Table 4 displays the comparison of the frameworks across the three
revisions.
Table 4
Revisions of Biology I Framework
Assessment
Strand
Chemical Basis
of Life (2001)/
Biochemical
Basis of Life
(2010)

The Cell (2001)/
Biological
Organization
(2010)

1996 Framework

2001 Framework

2010 Framework

* Inorganic compounds essential
to life
* Organic compounds essential to
life
* Enzyme activity
*DNA/RNA activity

*Characteristics of living things
*Inorganic compounds essential to
life
*pH and importance to life
*Organic compounds essential to
life
*Enzyme activity
*ATP
*Photosynthesis and Cellular
Respiration
*Aerobic vs. anaerobic respiration

*Cellular organelles & functions
*Prokaryote vs. eukaryote cells
*Plant vs. animal cells
*Tissues & general function
*Cellular response to
environment
*Membrane structure & function
in transport
*Mitosis
*Meiosis
*Survival rates and variety in
sexual vs. asexual reproduction

*Cellular organelles and functions
*Prokaryote vs. eukaryote cells
*Plant vs. animal cells
*Organization of cells in
multicellular organisms
*Cell membrane in passive and
active transport
*Mitosis
*Meiosis
*Asexual vs. Sexual reproduction
(survival and variations)

*Types of bond formation/atoms
*Inorganic compounds essential
to life
*pH and its importance to life
*Organic compounds essential to
life
*Enzyme activity
*ATP
*Photosynthesis and Cellular
Respiration
*Aerobic and anaerobic
respiration
*Plant vs. animal cells
*Prokaryote vs. eukaryote cells
*Cellular reproduction
*Organization of cells in
multicellular organisms
*Plant structures and survival
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Table 4 (continued).
Assessment
Strand
Genetics—The
Molecular Basis
of Heredity
(2001)/Heredity
(2010)

1996 Framework

2001 Framework

2010 Framework

*Basic genetic principles
*Inheritance patterns
*Monohybrid problems
*Mutations
*Genetic engineering techniques
*Using pedigrees and karyotypes

*DNA and RNA (structure &
function)
*Basic genetic principles
*Inheritance patterns
*Monohybrid problems (sexlinked, multiple alleles, incomplete
dominance, codominance)
*Mutations
*Inheritance patterns using gel
electrophoresis; pedigrees,
karyotypes

Natural Selection
and Diversity
(2001)/Diversity
and Biological
Change (2010)

*Modern classification schemes
*Characteristics of major
kingdoms
*Using dichotomous keys
*Influence of bacteria and/or
viruses on human beings
*Major structural and functional
characteristics of
vertebrate/invertebrate;
vascular/nonvascular plants
*Results of natural selection in
speciation, diversity, and
adaptations

*Modern classification
*Characteristics of major
kingdoms
*Major characteristics of plant
kingdom (vascular/nonvascular)
and animal kingdom
(vertebrates/invertebrates)
Structure and function of virus &
bacteria
*Evidence of change in organisms
(fossils, DNA, embryology, etc)
*Results of natural selection in
speciation, diversity, adaptation

Ecology
(2001)/Living
Organisms and
Their
Environment
(2010)

*Conserving renewable and nonrenewable resources
*Pollution and human impact
*Biogeochemical cycles in
ecosystems
*Major biomes and
characteristics
*Energy transfer through trophic
levels
*Photosynthesis and Cellular
respiration processes

*Flow of matter and energy in
cycles
*relationships between organisms
in ecosystems
(producer/consumer/decomposer,
predator/prey, symbiotic
relationships, competition)
*Major biomes and characteristics
*Energy transfer through trophic
levels
*Long & short term changes to
environment due to natural events
and human actions

*Central Dogma of Molecular
Biology
*Mendel‘s laws of inheritance
including (monohybrid punnett
squares, complete dominance,
incomplete dominance,
codominance, sex linked,
multiple alleles)
*Mutations
*Inheritance patterns using
pedigrees, karyotypes, gel
electrophoresis
*Modern classification including
characteristics of six kingdoms,
sexual and asexual reproduction,
hierarchical taxa, body plans
*Critique data (comparative
anatomy, biogeography,
molecular biology, fossil record,
Redi, Needham, Spallanzani)
*Research and summarize
scientists (Darwin, Malthus,
Wallace, Lamarck, Lyell) leading
to evolution
*Analyze roles of natural
selection (mutations, adaptation,
geographic isolation, pesticide,
antibiotic resistance)
*Differentiate among chemical
and organic evolution and
evolutionary steps to aerobic
heterotrophs and photosynthetic
autotrophs
*Major biomes and
characteristics
*Interdependence (biotic/abiotic,
energy flow, beneficial bacteria,
interrelationships)
*Significance of natural evens
and human activities on
ecosystems
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Table 4 (continued).
Assessment
Strand
Nature of
Science
(2001)/Inquiry
(2010)

1996 Framework
*Use and care of microscope,
slide preparation, measuring tools
*Use and knowledge of safety
rules
*Use process skills within the
scientific method in experimental
design
*Organize and interpret data,
charts, tables, and graphs

2001 Framework
*Use and care of scientific
equipment
*Use and knowledge of safety
rules
*Apply scientific methods and
processes in classroom and
laboratory investigations
*Organize and interpret data,
charts, tables, and graphs

2010 Framework
*Conduct scientific investigations
demonstrating safe procedures
and proper care of laboratory
equipment
*Formulate questions through
research and experimental design
*Apply scientific processes and
methods in classroom and
laboratory
*Determine scientific validity of
research
*Analyze alternative explanations
form experimental results and
make predictions
*Communicate and defend
scientific arguments

From Mississippi Department of Education, 2007, Mississippi Science Curriculum Frameworks. Copyright, 2007 by the Mississippi
Department of Education. Adapted with permission.

While the curriculum has had changes over the years, the biggest changes came
during the 2010 re-formatting. An inquiry strand was added to every science curriculum
from kindergarten through the subject area sciences (Wroten, 2008). More focus was
placed on the methods goal than in the past. Alignments were made to the National
Science Standards by incorporating more investigation and inquiry. Most of these
changes were seen in the assessment strand of the nature of science/inquiry. The
curriculum was reduced, so greater detail could be focused upon fewer subjects. The
1996 curriculum contained 18 competencies with 35 objectives. The 2001 curriculum
contained seven competencies and 38 objectives, while the newest curriculum, 2010,
contains six competencies with 30 objectives. The new alignment incorporated 2009
National Assessment of Educational Progress (NAEP) science standards, National
Science Standards, AAAS benchmarks for literacy, and addressed ACT (Wroten, 2008).
The Mississippi Department of Education has created a blueprint of the Biology I SATP.
The realignment of the 2010 Biology I framework coincides with the administration of
the new Biology I SATP, which was made to incorporate more critical thinking and
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higher depth of knowledge (DOK) levels (Wroten, 2008). Table 5 illustrates the number
of questions given at each assessment strand for both the 2001 and 2010 Biology I SATP.
Table 5
Past and Present SATP Blueprint
Assessment Strands
Chemical Basis of Life
(2001)/Biochemical Basis of
Life (2010)
The Cell (2001)/Biological
Organization (2010)
Genetics—The Molecular
Basis of Heredity
(2001)/Heredity(2010)
Natural Selection and
Diversity (2001)/Diversity
and Biological Change
(2010)
Ecology (2001)/Living
Organisms and Their
Environment (2010)
Nature of Science
(2001)/Inquiry (2010)
Total Number of Scorable
Questions
Total Number of Field Test
Items
Total Number of Test Items

Number of MultipleChoice Items 2001
8

Number of MultipleChoice Items 2010
7

15

14

10

14

12

7

10

11

15

7

70

60

19

10

89

70

From Mississippi Department of Education 2007, Biology I Subject Area Test Blueprint. Copyright, 2007 by the Mississippi
Department of Education. Adapted with permission.

The Biology I SATP has been shortened from a total of 70 to 60 total questions.
This decrease mirrors the decrease in the curriculum. Topics that were taken out of the
curriculum have been removed from the assessment. Concept strands in the
competencies that have been added are again mirrored in the assessment. This
assessment has also added critical thinking and problem solving to mirror the changes in
the curriculum. This increase in curriculum and rigor is directed at increasing the ranking
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of Mississippi students in science nationally. Currently, Mississippi is scoring 45th on the
NAEP (Wroten, 2008).
The Subject Area Testing Program (SATP) assessments were developed through
committees. Superintendents of each school district in Mississippi were asked to
recommend their best teachers in each of the four subject area (English II, Biology I,
Algebra I and U.S. History). The MDE took the pool of recommended teachers and
created committees of approximately 30 teachers in each subject area. The MDE chose
their committee members to have equal representation from each ―congressional district,
district accreditation level, and ethnic categories‖ (MDE, 2007b, pg. 2). The committee
members were given a survey that included items based on the curriculum. The items
asked what skills they used in their classrooms and what degree of importance they place
on these skills. The test blueprint was then developed for each subject area based on
these answers. A statewide survey was then sent out to all high school teachers of the
four subject areas. This survey mirrored the survey taken by the original committee for
each subject area. Results of the statewide survey were very similar to the results of the
committee survey (MDE, 2007b).
Goals of Measurement of Standardized Testing
The goals of an assessment are to measure achievement. With the passing of
NCLB, this achievement is not only of students but of teachers, districts, states and the
nation (Harris & Longstreet, 1990). The standardized assessments are used for several
reasons: they show the higher expectations of curricula; they provide a means of
determining whether a student has mastered necessary skills to graduate; they measure
school and teacher success; and they serve as a means of comparing schools across
districts, states and nations (Clarke, Madaus, Horn, & Ramos, 2000). The purpose of
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assessments helps to quantify academic achievement, assists with decision making, is
used to decide if programs work or not, and helps to assess student motivation (Newton,
2007). A different purpose of assessment added by Patrick Wolf is to measure students‘
skills, along with knowledge (Newton, 2007).
The Mississippi Department of Education, in its competencies, describes the
knowledge that is measured on the Biology I SATP (MDE, 2010). The National Science
Education Standards also indicate content knowledge that a student should know to
become scientifically literate upon graduating from the 12th grade. These two sources
represent what level of proficiency high school science students should have upon
graduation in Mississippi. The goal of the Biology I SATP is to assess the proficiency of
students‘ knowledge of these skills and concepts.
Summary and Rationale for Study
Philosophers since the 19th century have stated that a child-centered classroom is
the most conducive environment for learning (Bybee & DeBoer, 1993). The
constructivist theory supports the premise that an active learning environment, which
takes into account the students‘ past knowledge, will produce the greatest effects on
learning (Baviskar et al., 2009). The NSES supports the constructivism theory in its
active learning processes. The necessity for the student to actively learn and participate
in the learning process is the centerpiece of the NSES and the constructivist theory
(NSES, 1993).
With the advent of NCLB, much pressure has been placed upon the teachers and
school districts for students to pass the test. Teachers have modified curricula by taking
out the enjoyable activities to replace them with activities involving test preparation
material. Some elementary teachers have eliminated science completely from their
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curriculums because it was not being tested (Abrams et al., 2003). This negates what has
been stressed by both the Constructivist Theory and NSES.
To adhere to the NSES, officials with the Mississippi Department of Education
have added an inquiry strand to their content standards, as well as to the Biology I SATP.
The MDE and the NSES state what students should know upon graduation from high
school. This is measured through the Biology I SATP.
The literature is vague regarding the question of whether the Mississippi Biology
I state tests adequately measure the abilities stressed by the NSES (Wassermann, 2001).
This is an important topic to investigate as the information that is tested on the Biology I
SATP is what the Mississippi Department of Education deems important for students.
The NSES were used as a guide in the development of the Biology I curriculum,
indirectly influencing the development of the Biology I SATP. The NSES were
developed by groups including high school science teachers, college science teachers,
scientists, administrators and curriculum developers. In the development of the Biology I
SATP, content was decided using a group of exemplary high school science teachers.
The lack of input from the other groups, including scientists and college science
instructors, may have led to the development of an assessment that is inaccurate in
assessing what students should know upon graduation to benefit them in the real world.
The purpose of this study is to survey various professional groups (high school teachers,
college instructors and scientists) and solicit their views regarding specific academic
skills and knowledge considered vital for today‘s high school graduates. The input of the
individuals with experience in science may lead to a more well-rounded assessment. A
comparison of the Biology I curriculum and the National Science Education Standards
will then be done to see how closely the Biology I curriculum compares to the NSES.

63
CHAPTER III
METHODOLGY
Introduction
The Biology I Subject Area Testing Program (SATP) is a requirement for high
school graduation in the state of Mississippi. It is utilized to gather information about
school districts, which is then, in accordance with NCLB, linked to federal funding. The
Biology I SATP was created with the input of a committee of exemplary high school
biology teachers. The teachers were chosen from those recommended by school districts.
The committee was comprised to include an equal representation of ―congressional
district, district accreditation level, and ethnic categories‖ (MDE, 2007b, pg. 2).
The National Science Education Standards (NSES) are standards developed by
―teachers, school administrators, parents, curriculum developers, college faculty and
administration, scientists, engineers, and government officials‖ (NSES, 1996, p. 3). The
NSES stated what students should know upon graduation from high school. The state of
Mississippi used the NSES as a guide in the development of the Biology I curriculum.
The Biology I SATP was based on the Biology I curriculum for the state of Mississippi.
Like the NSES, the Biology I SATP test assesses what students in Mississippi should
know and understand upon graduation from high school; however, unlike the NSES
groups that included high school science teachers, college science teachers and scientists
were utilized in its development.
The purpose of this study was to analyze how closely the Biology I curriculum
and NSES relate to concepts that science professionals, such as high school science
teachers, college science instructors and scientists, consider important for students to
know according to how often these individuals utilize these concept standards in their
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professional lives and according to what level the science professionals rated the concepts
on importance. The Biology I curriculum was compared to the NSES for validation. The
importance rating given by the science professionals was then compared to the
importance rating given by the Biology I SATP.
The survey utilized in this study contained content strands from the Biology I
curriculum and NSES. The content strands were rated on importance for students, as
well as on frequency of use in the classroom or laboratory. This information was
analyzed to examine how each group rated the importance of the different areas that are
on the Biology I SATP, Biology I curriculum and NSES.

A descriptive analysis was

done to examine the differences and similarities between the NSES and the Biology I
curriculum, as well as the differences and similarities of the importance rating given by
the science professionals and the importance rating given to the concept strands by the
Biology I SATP.
This was a non-experimental quantitative study. This study had two purposes.
One purpose of this study was to compare the Biology I curriculum to the NSES. The
other purpose was to compare the scientific knowledge considered important by science
professionals to the material considered important on the Biology I SATP. The subjects
participating in this study consisted of science professionals, including college science
teachers, high school science teachers and scientists from Mississippi public high
schools, colleges, universities, governmental agencies and businesses.
Research Design
A non-experimental quantitative research design was utilized in this study. An
original questionnaire was created using the standards from the Mississippi Biology I
curriculum and the NSES. This questionnaire was administered to high school and
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college teachers, as well as to scientists in Mississippi. The groups were asked to rate the
importance of the concepts reflected on the Biology I Curriculum and NSES, as well as
how often they utilize these concepts by indicating their responses on a horizontal
numeric scale item. The variables in this study included science professionals. The
levels of these science professionals included high school science teachers, college
science instructors and scientists. These science professionals stated the importance of
each of the concepts, as well as how often they used the concept. The dependent
variables in this study included the frequency of use and importance of these concept
standards.
Descriptives and frequencies of the data, including standard deviation and mean,
were analyzed for familiarity with the data and to check for any outliers. A MANOVA
was used to analyze differences in importance and use ratings based on professional
level. Descriptive analyses were then conducted to analyze the relationships between the
Biology I curriculum and the NSES, as well as the relationships between the importance
ratings given by the science professionals and the importance ratings given by the
Biology I SATP.
Participants
During the spring semester of the 2010-2011 school year, permission was
requested from superintendents, principals, deans, department heads and supervisors for
prospective participants. The participants were science professionals, including high
school science teachers, college science teachers and scientists. All of the participants
were over 18 years of age and therefore parent/guardian permission was not necessary.
Every attempt was made to select participants from a variety of ages, ethnicities and
socioeconomic groupings. Attention was given to selecting teachers from schools with
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varying accreditations. The college instructors were recruited from community colleges
and universities. The scientists were recruited from state universities, governmental
agencies and industries. The participants were not randomly selected because the
participants had to fit the criteria of a science professional. The participants were taken
from high schools, colleges, universities and businesses in the area of Mississippi, as well
as personal acquaintances of the researcher. Some participants were in more than one
category, so these participants were asked to state which category they felt was their
primary role. One-hundred fifty four science professionals responded to this study.
Fifty-four of those participants were in the high school science profession, 47 were from
the college science profession, and 53 were from the scientist category.
Instrumentation
This study was a non-experimental, quantitative study. The purpose of the study
was to determine relationships between science professionals and the Biology I
curriculum, Biology I SATP and the NSES. An original instrument was designed by the
researcher, based on the content standards of the Mississippi Biology I Curriculum and
the NSES (Appendix A). The instrument was tested for clarity by using a pilot group.
The instrument was a horizontal numeric scale format with a scale of 1 to 5, one
indicating that the topic is very unimportant and five indicating that the topic is very
important. A separate rating indicated that the information was unfamiliar to the
participant. Another horizontal numeric scale was developed indicating the frequency of
use of the topic. One indicated the topic was rarely used, and five indicated the topic was
very frequently used. A separate rating was again used to indicate the information was
unfamiliar to the participant. The horizontal numeric scales were in reference to
information from both the NSES and the Biology I curriculum, which is then used to
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format the Biology I SATP. The instrument was used to analyze any significant
differences between frequency of use and importance ratings given by the science
professionals.
The instrument was designed by the researcher and was administered to a focus
group from each of the categories for clarity. The focus group provided feedback to the
researcher on the content of the questionnaire. The focus groups provided feedback on
the wording and layout of the questionnaire. The focus group noticed typos on the
questionnaire, as well as wording in the questionnaire that was confusing. Feedback was
provided that made the questionnaire more clear and concise.
The instrument was a 46-item horizontal numeric scale. Items were consistent
with the concepts from the Biology I frameworks in Mississippi and standards from the
NSES. The horizontal numeric scale ranged from one to five. The items ranged from
five answer choices from very unimportant to very important and one answer choice, a
separate rating, indicated that the information was unfamiliar to the participant. For the
frequency of use category, the choices ranged from every class, lesson or day to never. A
separate rating again was available for participants who were unfamiliar with the
information. The instrument also consisted of descriptive data for analysis by the
researcher. The descriptive data preceded the content items on the questionnaire. The
anticipated time for the questionnaire to be taken was 15-20 minutes. The language used
in the questionnaire consisted of the wording used on the Biology I curriculum in
Mississippi and in the NSES.
Procedures
The researcher administered the questionnaire during the spring semester of the
2010-2011 school year. Permission was requested from participating school
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administrators and business personnel. Permission to access and utilize the required data
for this research study was obtained through the Institutional Review Board (Appendix
B) and the supervising principals of the administrators and business personnel (Appendix
C). Participants were not chosen at random as they were science educators and
scientists. Parental/guardian permission was not necessary as all the participants were
above the age of 18.
Schools and agencies were contacted as to their preferred method of instrument,
paper format or online version. Schools that requested the paper copy received one with
a self-addressed, stamped envelope for all science teachers. These were either hand
delivered or mailed to participating agencies. Schools and agencies that requested the online version were sent a hyperlink to the questionnaire, as well as informed consent
(Appendix D). Personal contacts were sent hyperlinks and paper-formatted
questionnaires, depending upon their requested format. There were no consequences for
teachers or scientists who chose not to participate. Privacy of the participants was
assured by not including names or personal identifies on the questionnaire. An incentive
was given for participating in the study. Participants were asked to send their contact
information to a separate email account where a raffle was held for the prize.
The questionnaires were released for approximately one month. After
approximately three weeks, a reminder email was sent out to participants. The data was
collected and analyzed with the use of SPSS at the researcher‘s place of residence. Raw
data were kept in a secured area to guarantee confidentiality.
Delimitations
The participants in this study were limited to science professionals in Mississippi.
These participants also filled out the questionnaire in the spring semester of 2011.
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College science instructors consisted of both community college instructors and four-year
university professors. The high school science teachers consisted of those from public
school only. Every effort was made to identify and include teachers in various
accreditation levels. The questionnaires of this study were delivered by email, postal
service mail and face to face. The questionnaire was also made available on-line.
Limitations and Discussion
A potential limitation for this study included participant honesty. The participants
were not required to put their names on the instrument, but honesty is still a limitation as
teachers may have felt hesitation regarding possible personal omissions in implementing
state mandated standards. They may also not have answered honestly for fear of
appearing less informed than their peers. Accuracy was another potential limitation for
this study. Participants may have rushed through the questionnaire without putting
careful thought into their responses because of the length of the questionnaire.
Justification
The Biology I SATP is designed, so students must pass it as a requirement for
graduation. This is important because students are expected to know this information to
help them to achieve scientific literacy. It is important that the Biology I SATP measures
skills deemed important by those knowledgeable about the subject matter. This study
will help to ensure that students leaving high school in Mississippi are taught the skills of
scientific literacy, those skills that are going to be useful in their decision making outside
the high school classroom.
Data Analysis
Descriptive analysis was used to address the following research questions:


Are there differences between the importance ratings of science concepts
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indicated by the science professionals and the importance ratings assigned
by the Biology I SATP?


Are there differences between the Biology I Curriculum and the NSES?

Significance testing was utilized to analyze the data to answer the following research
hypothesis:


Science professionals will differ on the importance ratings assigned to the
content standards.



Science professionals will differ on the reported frequency of use
assigned to the content standards.
Summary

In summary, the goal of this study was to measure the importance and frequency
of use of the concepts on the Biology I curriculum, NSES and Biology I SATP by science
professionals. The science professionals came from three groups: high school science
teachers, college science instructors and scientists. The descriptions of the participants,
as well as the risks and benefits, have been presented in this chapter. The methodology to
analyze the statistical data for science professionals‘ frequency and importance ratings
was a MANOVA. A descriptive analysis was then conducted to see the relationships
between the NSES and the Biology I curriculum. Another descriptive analysis was
conducted to analyze the importance ratings of the science professionals to the
importance ratings of the Biology I SATP. The understanding of this information may be
utilized to benefit the students and test makers of the Biology SATP, as well as to ensure
to both students and teachers that the SATP covers applicable information.
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CHAPTER IV
RESULTS
The overall purpose of this study was to determine the construct validity of the
Mississippi Biology I Subject Area Testing Program (SATP). Data were collected from
science professionals throughout the state of Mississippi to include high school science
teachers, college science instructors and scientists. The results of this study were used to
determine if science professionals differed on their frequency of use and/or importance
ratings of each of the six science competencies or the overlying process strands. The
additional purpose of this study was to determine differences and similarities between the
National Science Education Standards (NSES) and the Mississippi Biology I Curriculum.
Findings
Quantitative analysis of the data was conducted using frequency and descriptive
techniques. The questionnaire was divided into two sections. The first section asked
questions pertaining to demographic information. The second section of the
questionnaire asked questions pertaining to the content standards of the Mississippi
Biology I Curriculum and the NSES. The demographic information allowed the
researcher to provide information concerning the participants in the study.
The study included a total of 154 participants (N= 154). Table 6 provides
information on the gender, primary occupation, ethnicity, congressional district, years
experience and highest degree completed. Concerning gender, the majority of the
participants were female (59.7%) and worked as educators (65.6%). Among high school
teachers, the overwhelming majority of the participants were female (74.1%) as opposed
to male (24.1%). One high school teacher participant did not respond (1.9%) regarding
gender. Similarly, the majority of college professors were majority female (59.6%) as
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opposed to male (38.3%) with 2.1% of the college-level participants not indicating
gender. The gender gap is less obvious at the college level than it is at the high school
level. The scientist participants differed from both the high school and college
participants in that the majority were male (54.7%) as opposed to female (45.3%).
The primary occupation of the participants was fairly evenly distributed. High
school teachers comprised 35.1% of the participants, college science teachers 30.5%, and
scientists 34.4%. Ethnically, the overwhelming majority of the participants were
Caucasian (92.2%). The remaining ethnicities were African American (5.2%), Hispanic
(.6%), Asian (1.3%), and other (0.6%). Research supports the ethnicity gap among the
participants. Kanter and Konstatopouls (2010) discussed the lack of minorities in
science-related fields.
The participants were not evenly distributed throughout the state. The majority of
the participants were located in Congressional District 4 (59.1%) followed by
Congressional District 3 (13.6%), Congressional District 2 (9.7%), and Congressional
District 1 (5.8%). The majority of the agencies that agreed to the study were located in
the 4th Congressional District. When looking at years of experience in the science
profession, participants having between 11-15 years of experience (22.1%) represented
the majority, and over half of the participants had 15 years of experience or less in their
science profession (53.2%). Individuals with 31+ years of experience comprised only
9.1% of the participants.
The majority of the participants held a master‘s degree (45.5%), 29.2% held a
bachelor‘s degree, and 29.2% held a doctoral degree. Only four participants (2.6%) held
a specialist degree. Of the high school teachers participating, the majority (59.3%) held a
master‘s degree followed by bachelor‘s (31.5%), specialist (3.7%), and doctorate (3.7%).
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One high school teacher participant did not state highest degree completed (1.9%). At
the college instructor level, the majority of participants also held a masters degree
(55.3%). Unlike the high school teachers, 36.2% of college instructors held a doctorate
degree. The scientist participants were again different from both the high school and
college participants. The majority of scientists held a bachelor‘s degree (49.1%) while
the scientists holding a master‘s degree (22.6%) or a doctorate (28.3%) were fairly evenly
distributed.
Table 6
Frequency Statistics of Gender, Primary Occupation, Ethnicity, Congressional District,
Years Experience, and Highest Degree Completed (N = 154)
Variable

Frequency

Percent

Female

92

59.7

Male

60

39.0

2

1.3

High School Science Teacher

54

35.1

College Science Instructor

47

30.5

Scientist

53

34.4

Gender

Missing
Primary Occupation
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Table 6 (continued).
Variable

Frequency

Percent

142

92.2

African American

8

5.2

Hispanic

1

0.6

Asian

2

1.3

Other

1

0.6

1st

9

5.8

2nd

15

9.7

3rd

21

13.6

4th

91

59.1

0-5

19

12.3

6-10

29

18.8

11-15

34

22.1

16-20

20

13.0

21-25

17

11.0

26-30

19

12.3

31+

14

9.1

2

1.3

Ethnicity
Caucasian

Congressional District

Years‘ Experience

Missing
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Table 6 (continued).
Highest Degree Completed
45

29.2

70

45.5

4

2.6

34

22.1

1

0.6

Bachelor‘s
Master‘s
Specialist
Doctorate or equivalent
Missing
For the high school participants, information about school accreditation was
obtained. The schools that agreed to participate were High Performing (65.5%),
Successful (31.0%), and Star schools (3.4%).
The second section of the questionnaire compared the content standards of the
Mississippi Biology I curriculum and the National Science Education Standards (NSES).
The responses to these items conveyed information about how frequently the participants
use these standards and how important they rated these standards.
As with many voluntary questionnaires, some data were not provided. The
majority of missing data was from scientists and was found in the respondent‘s frequency
of use section. Many scientists are specialized and do not use all of the concept strands in
their field; therefore, many of the scientists left the frequency sections of their
questionnaire blank. Another possible reason for the missing data is that some of the
participants who used the online version of the questionnaire did not press the submit
button, thus losing some of their responses. Of the 43 items, high school teachers left
between 9 and 12 items unanswered for each of the items (16.7% - 22.2%). College
instructors left between five and nine responses missing for each of the 43 items (10.6% -
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19.1%). Lastly, scientists left between 6 and 14 responses blank on each of the 43 items
(11.3% - 26.4%). The table representing this information can be found in Appendix E.
The questionnaire items had six points on the response scale including a 6
representing N/A. Science professionals were asked to respond with N/A if they did not
understand what the information meant or if the information was irrelevant to their field
of work. Of the 43 items, six were answered N/A at various times by high school
teachers. College teachers answered N/A at one time or another to 32 items and scientists
answered N/A at least once to all 43 items. Appendix F has information about the
participants‘ N/A responses in detail.
In the item-by-item analysis, the range of the frequency of use was between 4.25
and 2.54. A frequency of use rating of 1 indicated Never Used; 2 indicated One Class,
Lesson, or Day; 3 indicated Some Classes, Lessons, or, Days; 4 indicated Most Classes
Lessons, or Days, and 5 indicated Every Class, Lesson, or Day. Of the 43 items on the
survey, Active Science was ranked as the most frequently used. With the highest
possible rating of a 5, the mean for active science was 4.25. The scientific concept that
was used the least frequently was item 34, the evolutionary steps leading to aerobic
heterotrophic and photosynthetic autotrophs. This item received a rating of 2.54 ranking
near the bottom on importance as 41st of the 43 items. The table representing the items in
descending order for frequency of use can be found in Appendix G.
When looking at item by item analysis of the importance ratings, the range was
between 4.79 and 3.42. A rating of 1 indicated Unimportant; 2, Somewhat Unimportant
3, Undecided; 4, Somewhat Important; and 5, Very Important. This range is narrower
than the frequency of use range. As in to the frequency of use rating, the importance
rating for Active Science was the highest (4.7895). This rating is almost a 5, indicating
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that it is very important. The item that received the lowest rating of importance was item
5, scientists use their imagination and creativity when developing hypotheses. Item 5
received a rating of 3.42 for importance and ranked 39th of the 43 items on the frequency
of use table. The table representing the items in descending order of importance can be
found in Appendix H.
The items were then divided according to competency and process strands. Items
were grouped using the Mississippi Biology I Curriculum. Table 7 represents the items
that correlate to each of the competencies and the overlying process strands.
Table 7
Items Correlating to the Competencies and Process Strands
Competency

Items

Competency 1

1 scientific observation

Inquiry

2 scientific theory ongoing
3 scientific theory change
7 lab safety
8 scientific processes
9 active science
35 scientific inquiry
39 data analysis
43 analysis of alternate explanation
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Table 7 (continued).
Competency

Items

Competency 2

10 bonds

Biochemical Basis of Life

11 pH
12 organic compounds
13 ATP
14 photosynthesis and cellular respiration
30 importance of water

Competency 3

15 biomes

Living Organisms and Their Environment

16 interdependence
17 biotic and abiotic factors
18 energy flow
19 interrelationships
20 natural and man-made activities in
ecosystems

Competency 4

21 cell types and characteristics

Biological Organization

22 cellular reproduction
23 organizational levels
24 plant structures

Competency 5

25 central dogma of biology

Heredity

26 Mendel‘s laws of inheritance
27 inheritance with modern technology
28 mutations
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Table 7 (continued).
Competency

Items

Competency 6

29 hierarchical groups based on evolution

Diversity and Biological Change

31 scientists and the theory of evolution
32 natural selection
33 evolutionary processes and theories
34 evolutionary steps

Overlying Process Strands

4 cultural values of science
5 scientists imagination and creativity
6 scientific method not step-by-step
36 science and technology interrelatedness
37 science and society
38 scientists work together
40 science in relation to health
41 influences on science
42 science changes involve small
modifications to preexisting knowledge

Chronbach‘s Alpha was utilized as a measure of internal consistency for each of
the competency and process strand for both frequency and importance. The Chronbach‘s
Alpha was greater than 0.70 for all of the competencies. Table 8 displays the
Chronbach‘s Alpha of the competencies for both frequency and importance. The overall
frequency for all combined competencies had a Chronbach‘s Alpha of .955. The overall
importance for all of the competencies combined had a Chronbach‘s Alpha of .953.
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Table 8
Internal Validity of Competencies and Process Strands
Competency

Chronbach‘s Alpha >0.70
for Frequency
.891

Chronbach‘s Alpha >0.70
for Importance
.846

Biochemical Basis of Life

.854

.878

Living Organisms and Their
Environment

.937

.882

Biological Organization

.872

.858

Heredity

.863

.847

Diversity and Biological
Change

.940

.917

Process Strands

.847

.843

Inquiry

Results for Research Questions and Hypotheses
Results of Research Question One
Are there differences between the importance ratings of science concepts
indicated by the science professionals and the importance ratings assigned by the Biology
I SATP?
Statistical analyses were completed to analyze this research question. Data
showed that there are differences between the importance ratings given by the science
professionals and the importance ratings given by the SATP. The number of items for
each of the competencies and the means given by each group of science professionals
as well as by the science professionals, as a whole, are listed in Table 9.
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Table 9
Importance Ratings Given to the Competencies by Category
Category

Inquiry

Biochemical
Basis of
Life

Living
Organisms and
Their
Environment

Biological
Organization

Heredity

Diversity
and
Biological
Change

State
(Number of
test questions
on SATP)
High School
Teachers
(Means)
College
Professors
(Means)
Scientists
(Means)
Science
Professionals
Combined
(Means)

7

7

11

14

14

7

4.45

4.28

4.42

4.32

4.27

3.86

4.36

4.27

4.27

4.28

4.13

3.80

4.62

4.16

4.46

4.13

3.87

3.99

4.48

4.24

4.39

4.24

4.09

3.89

Results of Research Question Two
Are there differences between the Biology I Curriculum and the NSES?
Analysis of research question two involved a descriptive analysis. A comparison
was made between the process strands and the 9-12 Life Science content standards of the
NSES to the Mississippi Biology I Curriculum. There were no differences in the
comparison of the overlying process strands that underlie all science curricula in grades
Kindergarten through 12, and the Mississippi Biology I curriculum, there were no
differences. In the comparison of the NSES 9-12 Life Science content standards to the
Mississippi Biology I curriculum, there was one difference. There are six content
standards listed under the NSES nine to twelve Life Science content standards. Five of
the six content standards are verbatim with those in the Mississippi Biology I curriculum;
the one difference is found in the NSES Life Science content standard titled Behavior of
Organisms. The Behavior of Organisms has six substrands describing the content
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standard. Of the six substrands, behavioral biology in relation to humans is not discussed
in the Mississippi Biology I Curriculum.
Results of Research Hypothesis One
Science professionals will differ on the importance rating assigned to the content
standards.
A one-way multivariate analysis of variance (MANOVA) was conducted to
determine significant differences among the importance ratings assigned by the science
professionals to the content standards. The MANOVA revealed a significant difference
among science professionals for importance ratings for the competencies, Wilks‘ Λ =
.796, F(14, 238) = 2.05, p = 015, multivariate η2 = .951. A univariate analysis of variance
(ANOVA) was conducted on the dependent variables as a follow up to the MANOVA,
which revealed competencies that were not significant: Inquiry, F(2, 131) = 2.79, p =
.170; Biochemical Basis of Life, F(2, 130) = .47, p = .481; Living Organisms and Their
Environment, F(2, 130) = 1.07, p = .708; Biological Organization, F(2, 129) = .91, p =
.353; Diversity and Biological Change, F(2, 128) = .43, p = .816; the overlying process
strands F(2, 131) = 2.72 p = .231. In contrast, the ANOVA revealed the Heredity
competency to be significantly different among the science professionals, F(2, 126) =
3.21, p = .038. A Tukey post hoc analysis determined where the difference lay. The
Tukey post hoc revealed that there was a significant difference between high school
science teachers‘ and scientists‘ responses for the Heredity competency. High school
teachers‘ responses (4.27) indicated that the Heredity competency was significantly more
important than did the responses of the scientists (3.87). The bar graph below represents
the means among science professionals for the Heredity competency.
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Graph 1
Mean of Science Professionals for Importance of the Heredity Competency

Results of Research Hypothesis Two
Science professionals will differ on the reported frequency of use assigned to the
content standards.
A one-way multivariate analysis of variance (MANOVA) was conducted to
determine any significant differences in the frequency of use ratings assigned by the
science professionals to the content standards. The MANOVA revealed a significant
difference among science professionals for importance ratings on competencies, Wilks‘
Λ = .665, F(14, 206) = 2.05, p<.001, multivariate η2 = .998. A univariate analysis of
variance (ANOVA) was conducted on the dependent variables as a follow up to the
MANOVA. The ANOVA revealed the competencies that were not found to be
significantly different were Biochemical Basis of Life, F(2, 119) = .86, p = .172;
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Heredity, F(2, 111) = 1.86, p = .164; Diversity and Biological Change, F(2, 114) = .69,
p>.753. In contrast, the competencies that were found to be significant by the ANOVA
were Inquiry, F(2, 120) = 7.45, p = .002; Living Organisms and Their Environment, F(2,
119) = 3.74, p = .050; Biological Organization, F(2, 116) = 2.30, p = .045; the overlying
process strands F(2, 120) = 6.82, p = .003.
Tukey post hoc analyses were conducted to identify where the differences lay
among the competencies and overlying process strands. The Tukey post hoc analysis for
competency one, Inquiry, revealed that scientists (4.13) utilize the Inquiry competency
significantly more frequently than both high school teachers (3.64) and college professors
(3.47). For competency three, Living Organisms and Their Environment, the Tukey post
hoc revealed that scientists (3.73) utilize the Living Organisms and Their Environment
significantly more frequently than high school teachers (3.22). For competency four,
Biological Organization, the Tukey post hoc revealed that college professors (3.56)
utilize the Biological Organization competency significantly more frequently than
scientists (3.07). The Tukey post hoc for the overlying process strands revealed that
scientists (3.86) utilize the overlying process strands significantly more frequently than
both high school teachers (3.15) and college professors (3.02).
Summary
Frequencies and descriptive statistics, as well as the analysis of variance statistics
and descriptive analyses, were necessary to answer the research questions and the
research hypotheses. The sample in this study involved science professionals from three
different areas: high schools, colleges and scientific agencies. The two research
questions were answered using descriptive analyses. The first research question
compared science professionals‘ importance ratings of the content strands to the
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importance ratings given by the SATP. A descriptive analysis revealed a difference
between the importance ratings given by the science professionals and the Biology I
SATP. A descriptive analysis was also utilized to answer the research question
comparing the Mississippi Biology I Curriculum to the NSES. A descriptive analysis
revealed that there was only one difference between these two curricula. MANOVA tests
were run to test the research hypothesis. The two research hypotheses were compared for
any statistical differences among the science professionals and their importance and
frequency of use ratings for the content standards. Because there were differences found
in both importance and frequency of use, the research hypotheses were supported.
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CHAPTER V
DISCUSSION
This final chapter offers a summary of the study and a discussion of the results.
Also discussed in this chapter are limitations, recommendations for further research, and
conclusions that have been deducted.
Summary of the Study
The purpose of this study was to determine the construct validity of the
Mississippi Biology Subject Area Testing Program. Several factors were studied and
analyzed during this research. First, similarities and differences between the National
Science Education Standards and the Mississippi Biology I Curriculum were established.
A descriptive analysis was conducted to observe the similarities and differences between
the two curricula. Secondly, to analyze the construct validity of the Biology I SATP,
science professionals from three different categories (high school science teachers,
college science professors and scientists) were surveyed. These science professionals
were provided with a questionnaire that contained content standards from the NSES and
the Mississippi Biology I Curriculum. The science professionals rated the content
standards on importance and on frequency of use. These ratings were analyzed for any
significant differences among the responses of the science professionals. The importance
ratings of the science professionals were then compared to the importance ratings given
to the content standards on the Biology I SATP.
Description of Sample
The participants in this study were comprised of three different groups of science
professionals: high school science teachers, college science professors and scientists. Of
the participants, 54 were high school teachers, 47 were college professors, and 53 were
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scientists for a total of 154 participants. There was a fairly even distribution of
participants in reference to degree(s) attained and years of experience in the science
profession. However, there was an unequal distribution of participants in reference to
gender, location and ethnicity. Participants were surveyed from all areas of the state of
Mississippi with the majority of the participants representing the southern portion of the
state; more agencies from the southern portion granted permission. One third more
females participated in this study than males. This may be accounted for because two of
the levels of science professionals were educators (high school teachers and college
professors). Research has indicated a lack of males in the education field (Blanchard,
2005). Lastly, the overwhelming majority of the participants were Caucasian. Again,
this uneven distribution may be explained by research which has indicated a lack of
minorities in the science related-fields (Tan & Barton, 2010).
Description of Study Variables
The variables in this study consisted of content standards from the Mississippi
Biology I Curriculum and the National Science Education Standards. There were 43
items on the questionnaire that were divided into six competencies and overlying process
strands. The six competencies were established by the Mississippi Biology I Content
Standards: Inquiry, Biochemical Basis of Life, Living Organisms and Their Environment,
Biological Organization, Heredity, and Diversity and Biological Change. The Inquiry
competency is described as information pertaining to scientific investigations and
experiments, analyzing data, and graphing and depicting results. The Biochemical Basis
of Life competency is described as chemistry, organic compounds, photosynthesis and
cellular respiration, and ATP. The Living Organisms and Their Environment
competency is described as biomes, interdependence and ecosystem activities. The
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Biological Organization competency is described as cell types and parts and cellular
organization. The Heredity competency is described as the Central Dogma of Biology,
Mendel‘s laws of inheritance, and genetic research. And lastly, the Diversity and
Biological Change competency is described as taxonomy, evolutionary change and
scientists involved with evolution (MDE, 2007a).
The overlying process strands were taken from the NSES and the Mississippi
Science Curriculum process strands. These process strands are not to be directly taught
as are the competencies but are to be incorporated into all aspects of the K-12 science
curriculum. These process strands involve eight different categories: unifying concepts
and processes in science described as unifying science together instead of making it
divided; inquiry described as minds-on experience; physical, life, and earth and space
science incorporated into all aspects of the curriculum; science in personal and social
perspectives described as the incorporation of real world experiences into the classroom;
and history and nature of science described as students observing that science discoveries
have been made by individuals of all ―races, genders, and disabilities‖ (NSES, 1996, p.
104).
Analysis of Research Questions and Hypotheses
Research Question One
Research question 1 asked: Are there differences between the importance ratings
of science concepts indicated by the science professionals and the importance ratings
assigned by the Biology I SATP?
A descriptive analysis comparing the importance ratings of the competencies by
the science professionals and the importance ratings governed by the Mississippi Biology
I SATP was conducted to answer research question 1. In developing the Biology I
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SATP, committee members comprised of high school teachers were asked what degree of
emphasis should be placed on each of the competencies of the Biology I SATP. The
competencies emphasized by teachers as being important were assigned more questions
on the Biology I SATP than the competencies deemed less important by the high school
teachers (MDE, 2007b). It was assumed for this study that the number of questions each
item was given on the Biology I SATP reflected the importance of the competency. The
means of the science professionals‘ responses were used to indicate the importance
ratings assigned by science professionals. The importance ratings given by the Biology I
SATP and those given by science professionals differed in numerous ways.
The Diversity and Biological Change competency is one area in which the
Biology I SATP and the science professionals agreed on importance. It is assigned seven
questions by the Biology I SATP, ranking it among the least important competencies.
High school teachers and college professors both ranked the Diversity and Biological
Change competency as the least important, and scientists ranked it as the second least
important. Another similarity in ratings between the Biology I SATP and the science
professionals was the Living Organisms and Their Environment competency. This
competency is assigned 11 questions, which places it in the middle of the importance
ratings by both the Biology I SATP and by science professionals.
Differences were observed in the Inquiry, Biochemical Basis of Life, Biological
Organization, and Heredity competencies. As discussed in the literature review, the
NSES rate inquiry as one of the most important aspects of science. The Biology I SATP,
however, has seven questions representing inquiry, ranking it among the least important
competencies. All three groups of science professionals ranked Inquiry as the
competency with the highest mean of importance (out of six competencies). Another
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difference lies in the Heredity competency. This competency has 14 questions on the
Biology I SATP and is thus ranked as one of the most important. Scientists, however,
rated Heredity as the least important competency, and both high school teachers and
college professors ranked Heredity as the second lowest competency (out of six
competencies). Another interesting finding involves the Biochemical Basis of Life and
Biological Organization competencies. The means of importance ratings for all groups
of science professionals were identical for both of these competencies. The Biology I
SATP assigned seven questions to the ―Biochemical Basis of Life‖ competency, rating it
among the least important, and 14 questions to the ―Biological Organization‖
competency, rating it among the most important.
In conclusion, while the science professionals did rank all of the content standards
as important, not all of their importance ratings match the importance ratings given by the
Biology I SATP. Of the six competencies, importance ratings were congruent on two:
Living Organisms and Their Environment and Diversity and Biological Change. The
ratings of the other four competencies--Biochemical Basis of Life, Inquiry, Biological
Organization and Heredity--were not aligned.
Research Question Two
Research question 2 asked: Are there differences between the Biology I
Curriculum and the NSES?
A descriptive analysis comparing both the process strands and the 9-12 Life
Science content standards of the NSES to the Mississippi Biology I Curriculum was
conducted to analyze the differences and similarities between the two. Throughout the
NSES there are underlying process strands that should be incorporated into all of the
content standards in grades K-12. These include Unifying Concepts and Processes in
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Science, Science as Inquiry, Physical Science, Life Science, Earth and Space Science,
Science and Technology, Science in Personal and Social Perspective and History and
Nature of Science. At a process strand level, no differences were found between the
Mississippi Biology I Curriculum and the NSES. These content strands are an overlying
theme in the redesigned 2010 science curriculum.
The 9-12 Life Science content standards are divided into six content strands: The
Cell; The Molecular Basis of Heredity; Biological Evolution; The Interdependence of
Organisms; Matter, Energy, and Organization in Living Systems; and The Behavior of
Organisms. In the analysis of the 9-12 Life Science content standards, one difference
between the NSES Life Science content standards for grades 9-12 and the standards of
the Biology I Curriculum was observed. This difference involved the NSES Life Science
content strand titled Behavior of Organisms. The Behavior of Organisms content strand
has six substrands: (a) Nervous System; (b) Responses to External Stimuli Both Innate
and Learned; (c) Behavior Patterns Both Innate and Learned; (d) Flexibility of
Animals for Survival; (e) Evolution of Behaviors; and (f) Behavioral Biology in Relation
to Humans. All of these substrands except one are addressed in the Mississippi Biology I
curriculum. The only substrand not discussed in the Mississippi Biology I Curriculum is
the behavioral biology in relation to humans. The behavioral biology in relation to
humans substrand discusses information regarding psychology and anthropology in
relation to humans. Although this substrand is not included in the Mississippi Biology I
curriculum, it is evident in more advanced science curricula in the state of Mississippi.
In conclusion, very few differences exist between the Mississippi Biology I
Curriculum and the NSES. The process strands are verbatim between the two curricula.
The 9-12 Life Science content standards of the NSES are very similar to the Mississippi

92
Biology I curriculum. There are a total of six content standards in the 9-12 Life Science
content standards of the NSES; five of these are represented in the Biology I curriculum.
There are a total of 29 substrands involved in the 9-12 Life Science content standards of
the NSES; 28 of these are represented in the Mississippi Biology I curriculum.
Research Hypothesis One
Research hypothesis one stated: Science professionals will differ on the
importance ratings assigned to the content strands.
In analyzing science professionals‘ importance ratings, a MANOVA was
conducted to find significant differences. Only the Heredity competency was found to
reflect a significant difference. The Tukey post hoc test revealed that the significant
difference was between high school teachers and scientists. Scientists responded that the
Heredity competency was statistically less important than did high school teachers. This
is an interesting finding because the Heredity competency, represented by 14 questions, is
rated among the most important competencies on the Mississippi Biology I SATP.
Overall, high school teachers found the Heredity competency to be the second least
important competency of the six competencies represented on the SATP, and scientists
rated it as the least important competency.
When looking through the importance ratings of all the competencies, there is a
visible trend. High school teachers‘ and college professors‘ responses tend to be more
similar to each other than to the responses of the scientists. A possible explanation for
this could be the role of the participant. The high school teachers and college professors
are educators and address each of the subject areas because they are bound by a
curriculum whereas scientists tend to be more specialized and focus on specific areas of
the curriculum. Another possible explanation is that the majority of the college
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instructors teach at community colleges as opposed to universities. Community colleges
granted permission for the study whereas universities did not. Many instructors at the
community college are former high school teachers, which may lead to similar thinking
patterns and similar importance ratings on the questionnaire.
Except for the Diversity and Biological Change competency, all of the
competencies and the overlying process strands were rated between 4 and 5 by the
science professionals. This indicates that the science professionals rated these five
competencies and the overlying process strands between somewhat important and very
important for students to know upon graduation from high school. Diversity and
Biological Change is the only competency that was ranked between 3 and 4 by all of the
science professionals. This means that the science professionals rated the Diversity and
Biological Change between undecided and somewhat important. These ratings reflect the
fact that this competency has traditionally been controversial as it deals with the topic of
evolution. The Biology I SATP also reflects these decreased importance ratings by
having only seven questions representing it on SATP.
In conclusion, the research hypothesis stating that science professionals will differ
in their importance ratings of the content standards is not fully supported by this study.
On the contrary, the importance ratings of the competencies and process strands by the
science professionals were very similar. The ratings of the high school teachers and
college professors were more similar to each other than to the ratings of the scientists.
Only the Heredity competency, which was found to have a significant difference among
the science professionals‘ ratings, supported the research hypothesis. The other five
competencies and the overlying process strands had no significant differences among the
science professionals, failing to support the research hypothesis.
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Research Hypothesis Two
Research hypothesis two stated: Science professionals will differ on the reported
frequency of use assigned to the content strands.
In analyzing science professionals‘ frequency of use ratings, a MANOVA was
conducted to find significant differences. The significant statistical findings for
frequency of use differed from the importance findings. The importance ratings had only
one statistical difference; the statistical test for frequency of use discovered three
competencies and the process strands to be significantly different. Unexpectedly, the
Heredity competency, which had significant differences for the importance category, was
not one of the three competencies to have significant differences among the science
professionals for frequency of use.
The three competencies that were found to have significant differences for
frequency of use among the science professionals were Inquiry, Living Organisms and
Their Environment, and Biological Organization. The overlying process strands were
also found to have significant differences for frequency of use among science
professionals. The Tukey post hoc for the Inquiry competency revealed significant
differences between both high school teachers and scientists and college professors and
scientists. The scientists utilized the Inquiry competency significantly more often than
both high school teachers and college professors. The difference between the scientists‘
responses and college professors‘ responses was greater than the difference between
those of the scientists and high school teachers. The Inquiry competency was rated most
important by the science professionals, and with the exception of college professors who
rated it as the second most frequently utilized, it was rated as the most frequently utilized;
however, it is given one of the lowest ratings on the Biology I SATP.
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The Living Organisms and Their Environment competency revealed significant
differences between high school teachers and scientists. Scientists stated that they
utilized this competency statistically more frequently than did high school science
teachers. A possible explanation for this finding may be that many of the scientists
utilized in this study were in an ecology-related field and would therefore use this
competency more often than scientists with other focus areas. Following the Inquiry
competency, this competency was rated as the second most frequently utilized by the
scientists.
Biological Organization was the final competency to deomonstrate significant
differences among the science professionals for frequency of use. The Tukey post hoc
revealed that college professors utilized this competency statistically more often than did
scientists. A possible explanation for this finding is that few of the scientists responded
to this study engage in cellular research. Another possible explanation may be that many
of the college professors teach Biology I or Anatomy and Physiology, both of which
require in-depth analysis of the cell.
Lastly, the process strands were found to have significant differences among the
science professionals. The Tukey post hoc revealed differences between high school
teachers and scientists, as well as between college professors and scientists. The results
revealed that scientists utilize the process standards statistically more often than both high
school teachers and college professors. There is a larger discrepancy between the ratings
of the scientists and the high school teachers than between the ratings of the scientists and
the college professors. One of the aspects of the process standards involves incorporating
real-life science into the curriculum. It stands to reason that scientists would utilize these
concepts more often than high school teachers or college professors in their daily careers.
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Overall, the rating scores for frequency of use were a lot lower than the ratings
scores for importance. This may be explained by the fact that it would be very difficult to
utilize all of these competencies and process strands on a daily basis. Interestingly,
similar to the importance category, the differences were between scientists and high
school teachers and/or scientists and college professors. There were no significant
differences found between the high school teachers and college professors. High school
teachers and college professors had similar ratings for both the frequency of use ratings
and the importance ratings. This again may be accounted for by the profession. High
school teachers and college professors both teach these skills on a daily basis, whereas
scientists apply these skills on a daily basis.
Implications for Policy and Practice
The results of this study could impact how science is assessed in the state of
Mississippi. Having various groups of science professionals provide input into choosing
the material tested on the Biology I SATP could aid in the development of an assessment,
which could more accurately measure scientific literacy. While the state department has
realigned the Mississippi science curricula to the National Science Education Standards,
this research has shown that the Biology I SATP has still not achieved the same level of
consistency. Competencies that are highly emphasized by the NSES and science
professionals are not given the same amount of emphasis on the Biology I SATP whereas
competencies that science professionals feel are less emphasized are emphasized on the
Biology I SATP.
A second benefit of this research is the possible alignment of the high school and
college curricula. High school and college alignment is one of President Obama‘s goals
for No Child Left Behind (USDE, 2010d). College professors‘ inputs in high school
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level assessments can only benefit the students. If these students are assessed on
information that both high school teachers and college teachers find important, they will
be better prepared to attend and succeed in college. College professors can be more
confident that the students coming to them from high school have a strong background in
science if the professors participate in high school level assessments.
Limitations
Limitations are addressed to help with future research in this area. One limitation
of this study involved participants‘ honesty and accuracy. Although the participants were
not required to put their name or any identifying characteristics on the questionnaire,
there is always the possibility of a lack of honesty. Participants may not have answered
honestly for fear of appearing less informed as their peers concerning some of the
information on the questionnaire or for not emphasizing the content standards proposed
by the Mississippi Department of Education.
Accuracy was another limitation of this study. The questionnaire involved in this
study was lengthy. The participants may have rushed through the questionnaire without
thoroughly considering their responses. For future research, having the researcher at the
participating school or agency to help explain the study could also help to encourage
participant honesty and accuracy.
The final limitations of this study involved the demographics of the participants.
The participants were not evenly distributed throughout the state of Mississippi. The
majority of the participants lived and worked in the fourth congressional district, which
includes the southern portion of the state. Participation was asked of agencies located
throughout the state; however, the majority of agencies that agreed to the study were
located in the southern region of the state. This unequal distribution of participants may

98
have led to results that do not reflect the population of science professionals throughout
the state. A second demographic barrier involved the accreditation levels of high
schools. The only schools that agreed to participate in the study were schools with
accreditation levels of High Performing, Successful, or Star schools. Schools with
accreditation levels of Academic Watch, Low-Performing, At-Risk of Failing, and
Failing did not agree to participate. Therefore, the results of this study may not be
indicative of all high school science teachers throughout the state. Unequal distribution
of ethnicity is a third demographic barrier. The overwhelming majority of the
participants were Caucasian. Few minorities responded to the study. Although Kanter
and Konstatopouls (2010) have shown a lack of minorities in science-related fields, the
results of this study may not be representative of the opinions of minorities.
Recommendations for Future Research
Since such high stakes are attached to the Subject Area Testing Program, more
research should be conducted in this area to develop the best possible science assessment
for the state of Mississippi. For successful future research, a few issues should be
addressed.
As for sample size, this study utilized around fifty participants from each of the
science professions addressed. A larger sample size would offer additional information
as to what is considered important by science professionals. For example, having
numerous scientists from different fields would help provide a more relevant importance
and frequency of use rating and would give a more rounded, accurate view of what
scientists as a whole consider important for students to achieve scientific literacy.
The second recommendation concerns geography. This study was limited to the
state of Mississippi and was focused primarily in the southern portion of Mississippi.
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However, students in Mississippi apply for national scholarships, schools and jobs, so
input from science professionals throughout the country would provide a national view as
to what will better prepare students for their future.
The purpose of this study was to measure the construct validity of the Mississippi
Biology I SATP in order to help create an assessment that best prepares students for the
future. Was construct validity established? The answer is yes and no. Yes, construct
validity was established among the science professionals because their importance ratings
for the competencies were in agreement. However, construct validity was not
established because these importance ratings given by the science professionals did not
support the importance ratings assigned by the Biology I SATP. Future research into
this area could only be beneficial to students and to the state of Mississippi.
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APPENDIX A
INSTRUMENT

101

102

103

104
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APPENDIX B
IRB FORM
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APPENDIX C
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX D
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX E
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX F
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX G
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX H
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX I
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX J
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX K
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX L
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX M
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX N
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX O
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX P
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX Q
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX R
CONSENT TO PARTICIPATE IN STUDY
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APPENDIX S
INFORMED CONSENT
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APPENDIX T
MISSING DATA
Missing Data
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Scientific Observations
High School Teachers
College Professors
Scientists
Total

12
6
12
30

22.2
12.8
22.6
19.5

12
5
7
24

22.2
10.6
13.2
15.6

Scientific Theory Ongoing
High School Teachers
College Professors
Scientists
Total

10
6
12
28

18.5
12.8
22.6
18.2

9
5
6
20

16.7
10.6
11.3
13.0

Scientific Theory Change
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

10
5
6
21

18.5
10.6
11.3
13.6

Cultural Values on Science
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
5
6
20

16.7
10.6
11.3
13.0

Scientists Imagination and
Creativity
High School Teachers
College Professors
Scientists
Total

11
7
12
30

20.4
14.9
22.6
19.5

10
7
6
23

18.5
14.9
11.3
14.9

Scientific Method not Step
by Step
High School Teachers
College Professors
Scientists
Total

10
8
12
30

18.5
17.0
22.6
19.5

9
7
6
22

16.7
14.9
11.3
14.3
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Missing Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Lab Safety
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Scientific Processes
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Active Science
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Bonds
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Organic Compounds
High School Teachers
College Professors
Scientists
Total

11
7
12
30

20.4
14.9
22.6
19.5

9
6
6
21

16.7
12.8
11.3
13.6

pH

ATP
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Missing Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Photosynthesis and Cellular
Respiration
High School Teachers
College Professors
Scientists
Total

11
7
13
31

20.4
14.9
24.5
20.1

10
6
6
22

18.5
12.8
11.3
14.3

Major Biomes
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Interdependence
High School Teachers
College Professors
Scientists
Total

10
9
12
31

18.5
19.1
22.6
20.1

9
7
6
22

16.7
14.9
11.3
14.3

Biotic and Abiotic Factors
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Energy Flow
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
7
6
22

16.7
14.9
11.3
14.3

Interrelationships
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6
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Missing Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Cellular Reproduction
High School Teachers
College Professors
Scientists
Total

11
7
12
30

20.4
14.9
22.6
19.5

9
6
6
21

16.7
12.8
11.3
13.6

Cell Types and
Characteristics
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Organizational Levels
High School Teachers
College Professors
Scientists
Total

10
7
13
30

18.5
14.9
24.5
19.5

9
6
7
22

16.7
12.8
13.2
14.3

Plant Structures
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Central Dogma of Biology
High School Teachers
College Professors
Scientists
Total

10
8
13
31

18.5
10.7
24.5
20.1

9
6
7
22

16.7
12.8
13.2
14.3

Mendel‘s Laws of
Inheritance
High School Teachers
College Professors
Scientists
Total

10
7
13
30

18.5
14.9
24.5
19.5

9
6
7
22

16.7
12.8
13.2
14.3
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Missing Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Inheritance with Modern
Technology
High School Teachers
College Professors
Scientists
Total

10
8
13
31

18.5
10.7
24.5
20.1

9
6
7
22

16.7
12.8
13.2
14.3

Mutations
High School Teachers
College Professors
Scientists
Total

10
7
13
30

18.5
14.9
24.5
19.5

9
6
7
22

16.7
12.8
13.2
14.3

Hierarchical Groups Based
on Evolution
High School Teachers
College Professors
Scientists
Total

11
7
13
31

20.4
14.9
24.5
20.1

10
6
7
23

18.5
12.8
13.2
14.9

Importance of Water
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Scientists Contributing to
the Theory of Evolution
High School Teachers
College Professors
Scientists
Total

11
7
12
30

20.4
14.9
22.6
19.5

10
6
6
22

18.5
12.8
11.3
14.3

Natural Selection
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
7
6
22

16.7
14.9
11.3
14.3
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Missing Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Evolutionary Processes and
Theories
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Evolutionary Steps
High School Teachers
College Professors
Scientists
Total

10
7
13
30

18.5
14.9
24.5
19.5

9
6
7
22

16.7
12.8
13.2
14.3

Scientific Inquiry
High School Teachers
College Professors
Scientists
Total

10
8
12
30

18.5
10.7
22.6
19.5

9
6
6
21

16.7
12.8
11.3
13.6

Science and Technology
Interrelatedness
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
7
6
22

16.7
14.9
11.3
14.3

Science and Society
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Scientists Work Together
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6
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Missing Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Data Analysis
High School Teachers
College Professors
Scientists
Total

10
7
14
31

18.5
14.9
26.4
20.1

9
7
6
22

16.7
14.9
11.3
14.3

Science in Relation to
Health
High School Teachers
College Professors
Scientists
Total

10
8
12
30

18.5
10.7
22.6
19.5

9
6
6
21

16.7
12.8
11.3
13.6

Influences on Science
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
6
6
21

16.7
12.8
11.3
13.6

Science Changes Involve
Small Modifications to
Preexisting Knowledge
High School Teachers
College Professors
Scientists
Total

10
8
12
30

18.5
10.7
22.6
19.5

9
6
6
21

16.7
12.8
11.3
13.6

Analysis of Alternative
Explanations for
Experimental Results
High School Teachers
College Professors
Scientists
Total

10
7
12
29

18.5
14.9
22.6
18.8

9
7
6
22

16.7
14.9
11.3
14.3
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APPENDIX U
N/A DATA
N/A Data
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Scientific Observations
High School Teachers
College Professors
Scientists
Total

0
1
6
7

0.0
2.1
11.3
4.5

0
0
1
1

0.0
0.0
1.9
0.6

Scientific Theory Ongoing
High School Teachers
College Professors
Scientists
Total

0
1
3
4

0.0
2.1
5.7
2.6

0
0
0
0

0.0
0.0
0.0
0.0

Scientific Theory Change
High School Teachers
College Professors
Scientists
Total

0
1
4
5

0.0
2.1
7.5
3.2

1
0
0
1

1.9
0.0
0.0
0.6

Cultural Values on Science
High School Teachers
College Professors
Scientists
Total

1
2
4
7

1.9
4.3
7.5
4.5

0
0
2
2

0.0
0.0
3.8
1.3

0
2
5
7

0.0
4.3
9.4
4.5

0
1
2
3

0.0
2.1
3.8
1.9

0
3
5
8

0.0
6.4
9.4
5.2

0
2
3
5

0.0
4.3
5.7
3.2

Scientists Imagination and
Creativity
High School Teachers
College Professors
Scientists
Total
Scientific Method not Step
by Step
High School Teachers
College Professors
Scientists
Total
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N/A Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Lab Safety
High School Teachers
College Professors
Scientists
Total

0
2
3
5

0.0
4.3
5.7
3.2

0
1
0
1

0.0
2.1
0.0
0.6

Scientific Processes
High School Teachers
College Professors
Scientists
Total

0
1
3
4

0.0
2.1
5.7
2.6

0
0
0
0

0.0
0.0
0.0
0.0

Active Science
High School Teachers
College Professors
Scientists
Total

0
0
3
3

0.0
0.0
5.7
1.9

0
0
0
0

0.0
0.0
0.0
0.0

Bonds
High School Teachers
College Professors
Scientists
Total

0
1
8
9

0.0
2.1
15.1
5.8

0
0
2
2

0.0
0.0
3.8
1.3

High School Teachers
College Professors
Scientists
Total

0
1
4
5

0.0
2.1
7.5
3.2

0
0
1
1

0.0
0.0
1.9
0.6

Organic Compounds
High School Teachers
College Professors
Scientists
Total

0
0
9
9

0.0
0.0
17.0
5.8

0
0
2
2

0.0
0.0
3.8
1.3

pH
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N/A Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

ATP
High School Teachers
College Professors
Scientists
Total

0
0
10
10

0.0
0.0
18.9
6.5

0
0
2
2

0.0
0.0
3.8
1.3

Photosynthesis and Cellular
Respiration
High School Teachers
College Professors
Scientists
Total

0
1
8
9

0.0
2.1
15.1
5.8

0
0
1
1

0.0
0.0
1.9
0.6

Major Biomes
High School Teachers
College Professors
Scientists
Total

0
4
6
10

0.0
8.5
11.3
6.5

0
1
1
2

0.0
2.1
1.9
1.3

Interdependence
High School Teachers
College Professors
Scientists
Total

0
1
5
6

0.0
2.1
9.4
3.9

0
1
0
1

0.0
2.1
0.0
0.6

Biotic and Abiotic Factors
High School Teachers
College Professors
Scientists
Total

0
2
4
6

0.0
4.3
7.5
3.9

0
1
0
1

0.0
2.1
0.0
0.6

Energy Flow
High School Teachers
College Professors
Scientists
Total

0
1
5
6

0.0
2.1
9.4
3.9

0
0
1
1

0.0
0.0
1.9
0.6
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N/A Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Natural and Man Made
Activities in Ecosystems
High School Teachers
College Professors
Scientists
Total

0
2
4
6

0.0
4.3
7.5
3.9

0
0
0
0

0.0
0.0
0.0
0.0

Cell Types and
Characteristics
High School Teachers
College Professors
Scientists
Total

0
0
7
7

0.0
0.0
13.2
4.5

0
0
2
2

0.0
0.0
3.8
1.3

Cellular Reproduction
High School Teachers
College Professors
Scientists
Total

0
0
9
9

0.0
0.0
17.0
5.8

0
0
2
2

0.0
0.0
3.8
1.3

Organizational Levels
High School Teachers
College Professors
Scientists
Total

0
1
6
7

0.0
2.1
11.3
4.5

0
1
1
2

0.0
2.1
1.9
1.3

Plant Structures
High School Teachers
College Professors
Scientists
Total

0
4
7
11

0.0
8.5
13.2
7.1

0
1
2
3

0.0
2.1
3.8
1.9

3.7
10.6
22.6
12.3

2
3
5
10

3.7
6.4
9.4
6.5

Central Dogma of Biology
High School Teachers
College Professors
Scientists
Total

2
5
12
19
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N/A Data (continued).
Variable

Frequency of Use
Frequency
%

Importance
Frequency
%

Mendel‘s Laws of
Inheritance
High School Teachers
College Professors
Scientists
Total

0
1
9
10

0.0
2.1
17.0
6.5

0
1
3
4

0.0
2.1
5.7
2.6

Inheritance with Modern
Technology
High School Teachers
College Professors
Scientists
Total

1
1
9
11

1.9
2.1
17.0
7.1

1
1
2
4

1.9
2.1
3.8
2.6

Mutations
High School Teachers
College Professors
Scientists
Total

0
1
10
11

0.0
2.1
18.9
7.1

0
1
2
3

0.0
2.1
3.8
1.9

Hierarchical Groups Based
on Evolution
High School Teachers
College Professors
Scientists
Total

0
4
6
10

0.0
8.5
11.3
6.5

0
2
1
3

0.0
4.3
1.9
1.9

Importance of Water
High School Teachers
College Professors
Scientists
Total

0
0
4
4

0.0
0.0
7.5
2.6

0
0
0
0

0.0
0.0
0.0
0.0

Scientists Contributing to
the Theory of Evolution
High School Teachers
College Professors
Scientists
Total

0
4
7
11

0.0
8.5
13.2
7.1

0
3
2
5

0.0
6.4
3.8
3.2
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N/A Data (continued).
Variable

Frequency of Use
Frequency
%

Natural Selection
High School Teachers
College Professors
Scientists
Total

0
4
5
9

Evolutionary Processes and
Theories
High School Teachers
College Professors
Scientists
Total

Importance
Frequency
%

0.0
8.5
9.4
5.8

0
3
0
3

0.0
6.4
0.0
1.9

0
3
8
11

0.0
6.4
15.1
7.1

0
2
2
4

0.0
4.3
3.8
2.6

Evolutionary Steps
High School Teachers
College Professors
Scientists
Total

0
6
8
14

0.0
12.8
15.1
9.1

0
2
2
4

0.0
4.3
3.8
2.6

Scientific Inquiry
High School Teachers
College Professors
Scientists
Total

0
0
5
5

0.0
0.0
9.4
3.2

0
0
0
0

0.0
0.0
0.0
0.0

Science and Technology
Interrelatedness
High School Teachers
College Professors
Scientists
Total

0
2
3
5

0.0
4.3
5.7
3.2

0
1
0
1

0.0
2.1
0.0
0.6

Science and Society
High School Teachers
College Professors
Scientists
Total

0
0
4
4

0.0
0.0
7.5
2.6

0
0
0
0

0.0
0.0
0.0
0.0
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N/A Data (continued)
Variable
Scientists Work Together
High School Teachers
College Professors
Scientists
Total
Data Analysis
High School Teachers
College Professors
Scientists
Total

Frequency of Use
Frequency
%

Importance
Frequency
%

0
2
3
5

0.0
4.3
5.7
3.2

0
0
0
0

0.0
0.0
0.0
0.0

0
1
3
4

0.0
2.1
5.7
2.6

0
1
0
1

0.0
2.1
0.0
0.6

Science in Relation to
Health
High School Teachers
College Professors
Scientists
Total

0
0
3
3

0.0
0.0
5.7
1.9

0
0
0
0

0.0
0.0
0.0
0.0

Influences on Science
High School Teachers
College Professors
Scientists
Total

0
3
6
9

0.0
6.4
11.3
5.8

0
1
2
3

0.0
2.1
3.8
1.0

Science Changes Involve
Small Modifications to
Preexisting Knowledge
High School Teachers
College Professors
Scientists
Total

1
1
5
7

1.9
2.1
9.4
4.5

1
1
2
4

1.9
2.1
3.8
2.6

Analysis of Alternative
Explanations for
Experimental Results
High School Teachers
College Professors
Scientists
Total

0
3
6
9

0.0
6.4
11.3
5.8

0
3
1
4

0.0
6.4
1.9
2.6
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APPENDIX V
MEAN OF FREQUENCY OF USE RATING
Mean of the Frequency of Use
Item
Active Science
Lab Safety
Scientific Processes
Scientific Inquiry
Scientific Theory Ongoing
Importance of Water
Science in Relation to
Health
Science and Society
Scientists Work Together
Cell Types and
Characteristics
Data Analysis
Interrelationships
Natural and Man Made
Activities in an Ecosystem
Science and Technology
Interrelatedness
Interdependence
Scientific Theory Change
Biotic and Abiotic Factors
pH
Cellular Reproduction
Energy Flow
Organic Compounds
Organizational Levels
Scientific Observations
Cultural Values on
Science
ATP
Analysis of Alternative
Explanations for
Experimental Results

N
122
120
121
119
122
121
121

Mean
4.2459
4.1583
3.9256
3.7815
3.7213
3.6860
3.6694

121
120
118

3.6612
3.6500
3.6271

119
120
118

3.5882
3.5417
3.5169

120

3.4750

117
117
119
120
115
119
119
117
117
117

3.4615
3.4615
3.3697
3.3500
3.3217
3.2773
3.2773
3.2308
3.2051
3.1780

115
116

3.1739
3.1293
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Mean of the Frequency of Use (continued).
Item
Mutations
Photosynthesis and
Cellular Respiration
Processes
Mendel‘s Laws of
Inheritance
Inheritance with Modern
Technology
Major Biomes
Natural Selection
Bonds
Hierarchical Groups Based
on Evolution
Science Changes Involve
Small Modifications to
Preexisting Knowledge
Scientific Method Not
Step-by-Step
Central Dogma of Biology
Plant Structures
Scientists Imagination and
Creativity
Influences on Science
Evolutionary Processes
and Theories
Scientists Contributing to
the Theory of Evolution
Evolutionary Steps

N
113
114

Mean
3.0796
3.0789

114

3.0263

112

3.0089

115
116
116
113

3.0087
3.0086
3.0086
3.0000

117

2.9658

116

2.9655

104
114
117

2.9519
2.9211
2.8803

116
114

2.8707
2.8509

113

2.7168

110

2.5364
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APPENDIX W
MEAN OF IMPORTANCE RATING
Item
Active Science
Lab Safety
Importance of Water
Scientific Processes
Scientific Theory Ongoing
Scientific Inquiry
Interdependence
Interrelationships
Natural and Man Made
Activities in Ecosystems
Science and Society
Cell Types and
Characteristics
Data Analysis
Science in Relation to
Health
Energy Flow
Biotic and Abiotic Factors
Scientific Theory Change
Cellular Reproduction
Science and Technology
Interrelatedness
Organic Compounds
Scientists Work Together
Organizational Levels
Mutations
pH
Scientific Observations
Natural Selection
ATP
Analysis of Alternative
Explanation for
Experimental Results
Photosynthesis and Cellular
Respiration Processes
Mendel‘s Laws of
Inheritance
Cellular Reproduction

N
133
132
133
133
134
133
131
132
132

Mean
4.7895
4.6818
4.5940
4.5940
4.5896
4.5639
4.5344
4.5076
4.4773

133
131

4.4511
4.4504

131
133

4.4198
4.4060

131
132
132
131
131

4.3817
4.3561
4.3182
4.3053
4.2824

131
133
130
129
132
129
129
131
128

4.2595
4.2481
4.2385
4.2326
4.2197
4.2171
4.1705
4.1679
4.1641

131

4.1374

128

4.1172

131

4.3053
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Mean of Importance Rating (continued).
Item
Major Biomes
Inheritance with Modern
Technology
Plant Structures

N
131
128

Mean
4.1069
4.0391

130

4.0385

Bonds
Science Changes Involve
Small Modifications to
Preexisting Knowledge
Evolutionary Processes and
Theories
Hierarchical Groups Based
on Evolution
Central Dogma of Biology
Cultural Values on Science
Influences on Science
Scientists Contributing to
the Theory of Evolution
Evolutionary Steps
Scientific Method Not Stepby-Step
Scientists Imagination and
Creativity

131
129

4.0305
3.9922

129

3.9688

128

3.9572

122
132
130
127

3.9672
3.8636
3.8308
3.6850

128
127

3.6172
3.5748

128

3.4219
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APPENDIX X
TABLE PERMISSION

Marketing Department
Rights & Permissions

May 19, 2011

Reference #: 05191100

Christy Philippoff
University of Southern Mississippi
118 College Dr.
Hattiesburg, MS 39406

Dear Ms. Philippoff:
You have requested permission to reprint the following material copyrighted by the National
Academy of Sciences in a doctoral dissertation:
Table 6.10, National Science Education Standards, 1996
Your request is granted for the material cited above provided that credit is given to the
copyright holder.
Suggested Credit (example):
Reprinted with permission from (title), (year) by the National Academy of Sciences, Courtesy of
the National Academies Press, Washington, D.C. (This credit may be edited pursuant to the
publisher’s house style and format so long as the essential elements are included).
Thank you,
Barbara Murphy
Permissions Coordinator
National Academies Press

500 Fifth Street, NW
Washington, DC 20001

Phone: 202 334 1960
Fax: 202 334 2451
E-mail: bmurphy@nas.edu
Web: www.nap.edu
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Ms. Philippoff,
You may use the tables in your dissertation. All we ask is that you ensure that we see this
section of the dissertation before it is published.
Best wishes,
Trecina
Trecina Green, Bureau Director
Mississippi Department of Education
Office of Curriculum and Instruction
P.O. Box 771
Jackson, MS 39205-0771
Phone: 601-359-2586
Fax: 601-359-2040
Email: tgreen@mde.k12.ms.us
>>> "christy philippoff" <christy.philippoff@mgccc.cc.ms.us> 11/3/2010 12:39 PM >>>
November 3, 2010
To Whom it May Concern:
My name is Christy Philippoff and I am a Ph.D. student at the University
of Southern Mississippi. I am currently working on my dissertation
which is focusing on the Biology I SATP. In my dissertation I have
included a comparison of the 1996 and 2001 curriculum frameworks that I
retrieved from your website. I combined the 2010 frameworks in this
comparison chart. I also created a chart comparing the 2001 Biology
SATP test blueprint and the 2010 Biology I SATP test blueprint. I am
asking your permission to use these tables in my dissertations since
they originated from the Mississippi of Department of Education website.
If you have any questions please feel free to contact me by e-mail:
christy.philippoff@mgccc.cc.ms.us or by phone: 228-990-9614.
Thank you for your time and consideration,
Christy Philippoff
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